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FOREWORD

The ITU Telecommunication Standardization Sec{tfU-T) is a permanent organ of the InternationBtlecom-
munication Union. ThelTU-T is responsible for studyindechnical, operatingand tariff questionsand issuing
Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Conference (WTSC), which meets every four years, edtabtighied
for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

ITU-T Recommendation 1.363 was prepared by ItHg-T Study GroupXVIIl (1988-1993) andvas approved by the
WTSC (Helsinki, March 1-12, 1993).

NOTES

1 As a consequence ofraform proceswithin the Internationallelecommunication UniofiTU), the CCITT
ceased to exist as of 28 Februa893. In itsplace, thelTU Telecommunication Standardization SeddiU-T) was
created as of 1 Marcth993. Similarly, in this reform processthe CCIR and thelFRB have been replaced by the
Radiocommunication Sector.

In order not to delay publication dfis Recommendation, no change has been madeeitext to references containing

the acronyms “CCITT, CCIR or IFRB” otheir associated entities such as Plenasgembly, Secretariat, etEuture
editions of this Recommendation will contain the proper terminology related to the new ITU structure.

2 In this Recommendation, the expression “Administration” is u$ed conciseness tdndicate both a
telecommunication administration and a recognized operating agency.

O ITU 1993

All rights reserved. No part dhis publicationmay bereproduced or utilized iany form or by anyneans, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the ITU.
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Recommendation 1.363

B-ISDN ATM ADAPTATION LAYER (AAL) SPECIFICATION

(Geneva, 1991; revised Helsinki, 1993)

1 Introduction

The ATM adaptation layer (AAL) enhanctee service provided byhe ATM layer to support functionsequired by the
next higher layer. ThAAL performsfunctions required by the user, control andnagement planeand supports the
mapping betweethe ATM layerand the next highdayer. The functions performed the AAL depend upon the higher
layer requirements.

The AAL supports multiple protocols to fit the needs of the different AAL service users. The service proviuedhi
to the higher layer and the functions performed are specified in this Recommendation.

Details of the data unit naming convention used in this Recommendation can be found in Annex A.

1.1 Scope of the Recommendation

This Recommendation describes the interactions betweékAtheind the next highdayer,and theAAL and the ATM
layer, as well as AAL peer-to-peer operations. This Recommendation is bagské classificationand the AAL
functional organization described in Recommendation 1.362.

Different combinations of SAR (segmentati@ndreassembly) sublayeasd CS(convergence sublayer) provide different
service access points (SAPSs) to the layer above the AAL. In some applications the SAR and/or CS may be empty.

1.2 Information flow across the ATM-AAL boundary

The AAL receives from the ATM layer the information in the form of a 48 octet ATM service data unit (ATM-SDU). The
AAL passes tahe ATM layer information inthe form of a 48octet ATM SDU. See Recommendation |.3®t the
description of primitives provided by the ATM layer.

2 AAL type 1

2.1 Service provided by AAL type 1

2.1.1  Definitions

For the purpose of this Recommendation, the following definitions apply:

The layer services provided by AAL type 1 to the AAL user are:
— transfer of service data units with a constant source bit rate and the delivery of them with the same bit rate;
— transfer of timing information between source and destination;
— transfer of structure information between source and destination;

— indication of lost or errored information which is not recovered by AAL type 1, if needed.

Recommendation 1.363  (03/93) 1



2.1.2 Primitives

2.1.2.1 General

At the AAL-SAP, the following primitives will be used between the AAL type 1 and the AAL user:
—  From an AAL user to the AAL,
AAL-UNITDATA-REQUEST;
—  From the AAL to an AAL user,
AAL-UNITDATA-INDICATION.

An AAL-UNITDATA-REQUEST primitive at the local AAL-SAP results in arAAL-UNITDATA-INDICATION
primitive at its peer AAL- SAP.

2.1.2.2 Definition of primitives

2.1.2.2.1 AAL-UNITDATA-REQUEST
AAL-UNITDATA-REQUEST  (DATA [mandatory],
STRUCTURE [optional])

The AAL-UNITDATA-REQUEST primitive requesthe transfer of the AAL-SDU, i.e. contents of DATA parameter,
from the localAAL entity to its peer entity. The length die AAL-SDU is constantand thetime interval between two
consecutive primitives is constant. These two constants are a function of the AAL service provided to the AAL user.

2.1.2.2.2 AAL-UNITDATA-INDICATION
AAL-UNITDATA-INDICATION  (DATA (mandatory],
STRUCTURE [optional],
STATUS [optional])

An AAL user is notified by the AAL that the AAL-SDU, i.e. contents of B®TA parameter, fronits peer are available.
The length of theAAL-SDU should be constant and thiene interval between two consecutive primitivd@sould be
constant. These two constants are a function of the AAL service provided to the AAL user.

2.1.2.3 Definition of parameters

2.1.2.3.1 STRUCTURE parameter

The STRUCTURE parameter can be used when the usestdzdan to be transferred tioe peer AAL entity is organized
into groups of bits. The length of the structutddck is fixed for eachinstance of theéAAL service. Thelength is an
integer multiple of 8 bits. Amxample ofthe use of thigparameter is to support circuttode bearer services tife 64

kbit/s based ISDN. The two values of the STRUCTURE parameter are:

START; and
CONTINUATION.

The value START isised when th®ATA is the first part of a structurdolock which can becomposed of consecutive
DATA. In other cases, the STRUCTURfarameter is set iGONTINUATION. Theuse of the STRUCTURIarameter
depends on théype of AAL service provided. These of thisparameter is agreed prior to or e connection
establishment between the AAL user and the AAL.

2.1.2.3.2 STATUS parameter

The STATUS parameter identifies that the DATA is judged to be non-errored or errored. The STATUS parameter has two
values:

VALID; and
INVALID.

The INVALID status could alsemply that theDATA is a dummyvalue. The use of the STATUSarameterand the
choice of dummy value depend tire type of AAL service provided. These of thisparameter is agreed prior to or at the
connection establishment between the AAL user and the AAL.
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2.2 Interaction with the management and control planes

2.2.1  Management plane

The following indications may be passed from the user plane to the management plane:
— errors in the transmission of user information;

— lost or misinserted cells (further study is required on whethemi¢édsssary talistinguish between lost
and misinserted cells for management purposes);

—  cells with erroredd\AL protocol control information (AAL-PCI) (further study required to determine if
this indication is necessary for layer services supported by this AAL type;

— loss of timing and synchronization;

—  buffer under flow and overflow.

2.2.2  Control plane

For further study.

2.3 Functions of AAL type 1

The following functions may be performed in the AAL type 1 in order to enhance the ATM layer service:
a) segmentation and reassembly of user information;
b) handling of cell delay variation;
c) handling of cell payload assembly delay;
d) handling of lost and misinserted cells;
e) source clock frequency recovery at the receiver,
f)  recovery of the source data structure at the receiver;
g) monitoring of AAL-PCI for bit errors;
h) handling of AAL-PCI bit errors;
i)  monitoring of user information field for bit errors and possible corrective action.

Other functions are for further study.

NOTE — For some AAL users, the end-to-end QOS may be monitored. This may be achieved by calculating a CRC for the
CS-PDU payload, carried in one or more cells, and transmitting the CRC results in the CS-PDU or by the use of OAM cells. Further
study is required.

2.4 Segmentation and Reassembly (SAR) sublayer

2.4.1  Functions of the SAR sublayer

The SAR sublayer functions are performed on an ATM-SDU basis.
a) Mapping between CS-PDU and SAR PDU

The SAR sublayer athe transmitting enchccepts a 47 octet block of dafi@m the convergence
sublayer (CS), and then prepends a one octet SAR-PDU header to each block to form the SAR-PDU.

The SAR sublayer ahe receivingendreceivesthe 48 octeblock of datafrom the ATM layer,and then
separates the SAR-PDU header. The 47 octet block of SAR-PDU payload is passed to the CS.

b) Existence of CS function

The SAR sublayer hathe capability to indicatehe existence of a CS function. Associated with each
47 octet SAR-PDU payload, it receivéiss indicationfrom the CS andtonveys it tothe peer CS entity.
The use of this indication is optional.

Recommendation 1.363  (03/93) 3



c) Sequence numbering

Associated with each SAR-PDphyload,the SARsublayer receives a sequence number virbra the

CS. At thereceivingend, itpasseshe sequence numbealue tothe CS. The C#ayuse these sequence
number values to detect lost or misinserted SAR-PDU payloads (corresponding to lost or misinserted ATM
cells).

d) Error protection

The SAR sublayer protecdtise sequence numbealueand the CS indication against bit errorsinforms
the receiving CS when the sequence numizdue and the CS indicatiomre erroredand cannot be
corrected.

NOTE - For certain applicatiorsuch as speeckpmeSAR functions may not be needed. Tliism is for further
study.

2.4.2  SAR protocol

The SAR-PDU header together with the 47 octets of the SAR-PBYJoad compriseshe 48 octetAIM-SDU
(cell information field). The size and positions of the fields in the SAR-PDU are given in Figure 1.

Cell header SN field SNP field SAR-PDU payload
4 bits 4 bits 47 octets
{ SAR-PDU header }
e SAR-PDU (48 octets) ~ |
"N v

T1811320-90/d01

FIGURE 1/1.363
SAR-PDU format of AAL type 1

2.4.2.1 Sequence number (SN) field

The SN field is divided into two subfields as shown in Figure 2. The sequence count field carries the sequence count
value provided byhe convergence sublay¢€S). TheCSl bit carries the CS indication provided by 8. The default

value of the CSI bit is “0”.

The least significant bit of the sequence count value is right justified in the sequence count field.

CSI bit Sequence count field (3 bits)

SN field (4 bits)

T1817600-92/d02

FIGURE 2/1.363
Sequence number (SN) field format
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2.4.2.2 Sequence number protection (SNP) field

The SNP fieldprovides error detectioand correctiorcapabilities ovethe SAR-PDU header. THermat ofthis field is
given in Figure 3. A two step approach is used for the protection:

1) The sequence number (SN) field is protected by a 3 bit CRC code.

2) The resulting 7 bit codeword is protected by an even parity check bit.

Even parity

CRC field (3 bits) b

SNP field (4 bits)

T1817610-92/d03

FIGURE 3/1.363
SNP field format

The receiver is capable of either single-bit error correction or multiple-bit error detection.
a) Operations at transmitting end

The transmitter computdbe CRCvalue acrosshe first 4 bits of the SAR-PDU headand inserts the
result in the CRC field.

The notation used to describe the CRC is based on the property of cyclic codes. The elements of an element
codeword are thus the coefficients of a polynomial of ondef.. In this application, thesmefficients can

have the value 0 or 1 and the polynomial operations are performed using modulo 2 operatemsnpier

a code vectosuch as 101Tan be represented by tpelynomial PK) =x3+x+ 1. The polynomial
representing the content of the SN field is generated using the first bit of the SN fielccasfticeent of

the highest order term.

The CRC field consists of three bits. It shall contain the remainder of the division (modulo 2) by the
generator polynomiad3 + x + | of the product X multiplied by the content of the SN field.

After completing the above operations, the transmitter inserts the even parity bit.
b) Operations at receiving end

The receiver has two different modes of operation : correatiotieand detectionmode. These modes are
related as shown in Figure 4. The defamétde isthe correctiormode,which provides for single-bit error
correction. At initialization, the receiver is set up in this default mode.

The receiver examines each SAR-PDU header by chethkin@RC bits an@ven paritybit. If a header
error is detected, the action taken depends on the state mdciiger. Inthe “correctionmode”, only
single-bit errors can be correctadd thereceiver switches to “detection mode”. In “detection mode”, all
SAR-PDU headers with detected errors are declaréa@ve an invalidSN; however,when a SAR-PDU
header is examined and found not to be in error, the receiver switches to “correction mode”.

Tables land 2give the detailed operations of theceiver inthe “correctiormode”and “detectiormode”,
respectively. The operation is based on the combined validity of the CRC and parity check bit.

The receiver conveythe sequence number coamtd the CS indication to the CS together with &isck
status (valid or invalid).

Recommendation 1.363  (03/93) 5



Error detected

No error detected
(invalid SN)

(valid SN) No error detected (valid SN)

Detection

Correction
mode

mode

Single-bit error detected
(valid SN after correction)
Multi-bit error detected
(invalid SN)

T1817620-92/D04

SN Sequence number

FIGURE 4/1.363
SNP: receiver modes of operation

2.5 Convergence sublayer (CS)

2.5.1 Functions of the CS

The CS may include the following functions. For performing some of these functions, the CS will need a clock. This clock
may be derived from thesSr Tg interface.

a) Handling of cell delay variation is performedfas sublayer for delivery of AAL-SDUs to an AAuser at
a constant bit rate.

b) Processing of sequence coumy beperformed athis sublayer. The sequence count vadunl itserror
check status provided by the SARblayer can besed by the CS to detect cell lcwmsd misinsertion.
Further handling of lost and misinserted cells is also performed in this sublayer.

c) The CS can utilize the CS indication provided by the SABRayer to support CS functions fmme AAL
users.

d) For AAL users requiringecovery ofsource clock frequency #tie destination end, th®AL can provide a
mechanism for a timing information transfer.

e) For some AAL users, thissublayer provideshe transfer of structure information between source
and destination.

f)  For videoand high quality audio signal transpdidrward error correctiomay beperformed to protect
against bit errors. This may be combined with interleaving of AAL user bits (e.g. octet interlea\givg) to
more secure protection against errors.

g) The CSmay generate reports givinthe status of end-to-emuerformance asleduced by the AAL. The
performance measures in these reports could be based on:

— events of lost and misinserted cells;
—  buffer underflow and overflow;

—  bit error events.

The following subclauses identify the functions of the CS for individual layer services of AAL type 1.
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TABLE 1/1.363

Operations in correction mode

CRC . Action on current Reaction for next
Syndrome Parity SN + SNP SN + SNP
Zero No violation No corrective action. Continue in correction mode

Declare SN valid.

Non-zero Violation Single bit correction based on syndrome.Switch to detection mode
Declare SN valid.

Zero Violation Correct parity bit. Switch to detection mode
Declare SN valid.

Non-zero No violation No corrective action: multi-bit errors are Switch to detection mode
uncorrectable.
Declare SN invalid.

SN Sequence number

SNP  Sequence number protection

TABLE 2/1.363

Operations in detection mode

CRC . Action on current Reaction for next
Syndrome Parity SN + SNP SN + SNP
Zero No violation No corrective action. Switch to correction mode

Declare SN valid.

Non-zero Violation No corrective action. Continue in detection mode
Declare SN invalid.

Zero Violation No corrective action. Continue in detection mode
Declare SN invalid.

Non-zero No violation No corrective action. Continue in detection mode
Declare SN invalid.

SN Sequence number
SNP  Sequence number protection

2.5.1.1 Functions of the CS for circuit transport

The following functions support both asynchronaemsl synchronous circuit transport . Asynchronous circuit transport

will provide transport of signafsom constant bit rate sources whose clocks are not frequency-locked to a network clock.
Examples are Recommendati@702 signals atl544, 2048, 6312, 8448, 32 064, 44 736 and 34 68s.
Synchronous circuit transport wilrovide transport of signafsom constant bit rate sources whose clocks are frequency-
locked to a network clock. Examples are signals at 64, 384, 1536 and 1920 kbit/s as described in Recommendation 1.231.

NOTE - Another possible example @afynchronous circuittransport isconveyance of SDH signals described in
Recommendation G.709.

Recommendation 1.363  (03/93) 7



a)

b)

c)

d)

Handling of AAL user information

The length of theAAL-SDU is one bit,when asynchronous circuit transport utilizes the synchronous
residual time stamp (SRTS) method described in 2.5.2.2.1.

For those AAL userwsrhich require transfer of structured data, e.gHg structured datéor circuit mode
bearer services dhe 64 kbit/s basetBDN, the STRUCTUREparameter option dhe primitives defined
in 2.1.2 will be used. The CS uses the structured data transfer (SDT) method described in 2.5.2.3.

Handling of cell delay variation

A buffer isused to support this function. The size of thigfer isdependent upon specifications currently
under study.

In the event of buffer underflow, ihay benecessary fothe CS to maintain bit count integrity by inserting
the appropriate number diimmybits. In theevent of buffer overflow, ithay benecessary fothe CS to
maintain bit count integrity by dropping the appropriate number of bits.

WhenRecommendation G.70R 544 Mbit/s and2.048Mbit/s signals are being transported, the inserted
dummy bits shall be all “ 1 "s.

Handling of lost and misinserted cells

The sequence count values are further processéuisasublayer to detect losind misinserted cells.
Detected misinserted cells are discarded. The CS procedure to beruseguence count processing is
described in 2.5.2.1.

In order to maintain the bit count integrity of thAL user information, itmay benecessary to compensate
for lost cellsdetected by buffer underflo@nd sequence couptocessing by inserting theppropriate
number ofdummy SAR-PDU payloads. The content this dummy SAR-PDU payload depends on the
AAL service being provided. For examptajs dummySAR-PDU payload is alll”s for Recommendation
G.702 1.544 Mbit/s and 2.048 Mbit/s signals.

Handling of timing relation

This function is required for delivery of AAL-SDUs to an AAL user at a constant bit rate.

The handling of timing relatiofor asynchronousircuit transport is referred to as source clock frequency
recovery. Recovered source closkould have satisfactoryitter performance. For exampléhe jitter

performance for Recommendati@n702 signals is specified in Recommendations Ga&#8 G.824, for
which the CS procedure to be used (the SRTS method) is described in 2.5.2.2.1.

2.5.1.2 Functions of the CS for video signal transport

The following functions support transport of video signals for interactive and distributive services.

a)

b)

Handling of AAL user information
The length of the AAL-SDU is one octet, when utilizing the correction method described in 2.5.2.4.1.

For those AAL usersvhich require transfer of structured data, the STRUCTUfREameter option of
primitives defined in 2.1.2 will be used. The CS uses the SDT method described in 2.5.2.3.

As an option, the STATUBarameter defined i@.1.2 will bepassed to th&AL user to facilitate further
picture processing, e.g. error concealment.

Handling of cell delay variation

A buffer isused to support this function. The size of thigfer isdependent upon specifications currently
under study.

In the event of buffer underflow, hay benecessary fothe CS to maintain bit count integrity by inserting
the appropriate number dimmybits. In theevent of buffer overflow, imay benecessary fothe CS to
maintain bit count integrity by dropping the appropriate number of bits.
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c)

d)

e)

Handling of lost and misinserted cells

The sequence count values are further process#uisasublayer to detect losind misinserted cells.
Detected misinserted cells are discarded. The CS procedure to beruseguence count processing is
described in 2.5.2.1.

In order to maintain the bit count integrity of tRAL user information, itmay benecessary to compensate
for lost cellsdetected by buffer underflo@nd sequence couptrocessing by inserting theppropriate
number ofdummy SAR-PDU payloads. The content thfis dummy SAR-PDU payload depends on the
AAL service being provided.

Information in lost cells may be recovered by the mechanism described in €).

Handling of timing relation

This function is required for delivery of AAL-SDUs to an AAL user at a constant bit rate.

Some AAL users may require source clock frequency recovery, e.g. recoteeyreteivingend ofcamera
clock frequency which is not locked to the network clock. The exact method is for further study.

Correction of bit errors and lost cells
This is an optional function providedr those AAL users requiring bit erraand cellloss performance

better than thaprovided by the ATMlayer. Examples aranidirectional videcservices forcontribution
and distribution. This function may be performed with the CS procedure described in 2.5.2.4.1.

2.5.1.3 Functions of the CS for voice-band signal transport

The following functions support transport of voice-band signals, e.g. 64 kbit/s /utawu-law codedRecommen-
dation G.711 signals, and 64 kbit/s Recommendation G.722 signals:

a)

b)

c)

Handling of AAL user information
The length of the AAL-SDU is one octet.
Handling of cell delay variation

A buffer isused to support this function. The size of thifer isdependent upon specifications provided
in Recommendation 1.356.

Handling of lost and misinserted cells
The detection of losand misinserted cells, if neededay beprovided by processing the sequence count
values. The monitoring of theuffer fill level can also provide aimdication of lost and misinserted cells.

Detected misinserted cells are discarded.

Handling of lost cells and buffer underflow is for further study.

NOTE - Fortransporting signals of speeahd 3.1kHz audio beareservices as specified in 6dit/s ISDN,the need for
A/p-law conversion is identified. This conversion function is outside the scope of this Recommendation.

2.5.1.4 Functions of the convergence sublayer for high quality audio signal transport

The capabilities of AAL type 1 are in principle applicable for transfer of high quality audio signals.

2.5.2  Convergence sublayer (CS) protocol

The following subclauses describe CS procedures to be provided for implementifupndi®ns. The use of each
procedure depends on the required CS functions and is given in 2.5.1.1 through to 2.5.1.4.

Recommendation 1.363  (03/93) 9



2.5.2.1 Sequence count operations

2.5.2.1.1 Sequence count operations at the transmitting end

At the transmitting end, the G8ovidesthe SAR with a sequence cowalueand a CS indicatioassociated with each
SAR-PDU payload. The count, value starts with 0, is incremented sequentially and is numbered modulo 8.

2.5.2.1.2Sequence count operations at the receiving end

At the receiving end, the CS receives from the SAR the following information associated with each SAR-PDU payload:
— sequence count;
— CSindication;
— check status of the sequence count and CS indication.

The use of sequence count valaesl CS indications will bepecified on a service specific basis. 8ek2 for details
about the check status processing.

The CS processing at the receivamgd mayidentify lost or misinserted SAR-PDU payloads. This will be useiutnany
CBR services.

CS processing may identify the following conditions:
— SAR-PDU payload sequence normal (i.e. in correct sequence);
— SAR-PDU payload loss;
— SAR-PDU payload misinsertion.

Processing of sequence count valoesy provide additional information to related entitwithin the CS, as required.
Some examples are:

— location of lost SAR-PDU payload in the incoming SAR-PDU stream;
— number of consecutive SAR-PDU payloads lost;

— identification of misinserted SAR-PDU payload.

NOTE — Processing of sequence count values may be subject to performance specifications. The performance specifications
will be applied on a service specific basis.

2.5.2.2 Source clock frequency recovery method

2.5.2.2.1 Synchronous residual time stamp (SRTS) method
a) General

The synchronous residual tinstamp (SRTS) methodses the residudime stamp (RTS) to measure and
convey informatiorabout the frequency difference betweenommon reference cloaterivedfrom the
network and aservice clock. The same derived network clock is assumed to be availdii¢h ahe
transmitter and theeceiver. Ifthe commonnetwork reference clock is unavailable (eadhen working
between different networks which are not synchronized), then the asynchacdkisecovery method
will be in amode of operation associatedth “Plesiochronous network operation” which is described
ine). The SRTS method is capable of meetimg jitter specifications of th2048 kbit/s hierarchy in
Recommendation G.823 and the 1544 kbit/s hierarchy in Recommendation G.824.

The following is a description of the SRTS method. The description uses the notation below:

fs - service clock frequency;
fn - network clock frequency, e.g. 155.52 MHz;
fnx - derived network clock frequency, fnx=fn/x, where x is an integer to be

defined later;

N - period of RTS in cycles of the service clock of frequency fs;
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b)

T — period of the RTS in seconds;

M(Mnom, Mmax, Mmin) ----  number of fnx cycles within a (hominal, maximum, minimum)
RTS period;
Mq --- largest integer smaller than or equal to M.

The SRTS concept is illustrated in Figure 5. In a fixed duration T measureddyise clock cycles, the
number of derived network clock cycles Mq is obtainedhat transmitter. If Mq is transmitted to the
receiver,the service clock othe source can be reconstructed by rémeeiver, since it hathe necessary
information: fnx, Mgand N.However, Mq is actually made up of a nominal @artl a residual part. The
nominal part Mnom corresponds to the nominal numbédnxfcycles in T secondand isfixed for the
service. The residual padonveysthe frequency difference information as well as #ifect of the
quantization and thus camry. Since the nominal part is a constant, it can be assumed that the nominal
part of Mq is available at the receiver. Only the residual part of Mq is transmitted to the receiver.

tolerance

+—>
N cycles T seconds

P »
« >

fs T

» I
Mg
Mmin Mnom Mmax
fnx T T
— >
: y y
<+—r<4——>
: 2P :
o

T1817630-92/d05

FIGURE 5./1.363
The concept of synchronous residual time stamp (SRTS)

A simple way ofrepresenting the residual part of Mq isrbgans othe RTS, whose generation is shown
in Figure 6. Counter Ct is a P-bit counter which is continuously clocked by the derived network clock. The
output of counter Ct is sampled every N service clock cycles. This P-bit sample is the residual time stamp.

With aknowledge of the RT&nd the nomingbart of Mg at theeceiver, Mq is completely specified. Mq
is used to produce a reference timing signal for a phase-locked loop to obtain the service clock.

Choice of parameter

The minimum size of the RTS required to unambiguously represent the residual part of Mq is a function of
N, the ratio fnx/fsand theservice clock tolerance, & Lety be the difference between Mnaamd the
maximum or minimum value of M (denoted as Mmax, Mmin). The difference y is given by

y=N0O fnx/fsO e.
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fs RTS
Counter A
> divided by N Latch
A

fn fnx

> 1 P-bit

X counter Ct

T1817640-92/d06

FIGURE 6/1.363
Generation of residual time stamp (RTS)

In order that Mq can be unambiguously identified, the following conditions must be safiséied
Figure 5):

2(p-1)>1l
where f] denotes the smallest integer larger than or equal to

The following parameter values are u$edthe asynchronous circuit transportRécommen-datiofs.702
signals:

N = 3008 (total number of bits in eight SAR-PDU payloads),
1 <fnx/fs <2,

Tolerance = 2001105

Size of RTS = 4 bits

The introduction ofany AAL convergence sublayer overheatb the SAR-PDUpayloadwill reduce the
amount of payload available ftihe transport oAAL user data. This will reduce the number sérvice
clock cycles ovewhich the RTS period is specified, since the RTS period is defineda fixed number

of SAR-PDU payloads. The RTS period parameter, N, can be adjusteg¢dmmodatesuch cases. For
example, if four octets of CS overhead are requitad everyeight SAR-PDU payloadshen N would be
reducedrom 3008 to 2976However,the CS overhead has to be allocated so that the RTS pdniags
remains a constant number of service clock cycles. Ther¢fime;S overhead must reduce the user data
transport capacity by a constant amoower the fixed number of SAR-PDlgayloads fowhich the RTS
period is defined. See 2.5.2.3.2 for an example.

Network clocks

For an SDH network, #55.520MHz network clock (fn) is availablffom which the followingclocks can
be derived:

155.520 MHzZO2X k=0, 1, ..., 11
As an example, to support service rates of 64 kbit/s the fnx will be 155.5200#2 (i.e. 75.9375Hz).
This set of derived network clocks caccommodatall service rates ranginfigom 64 kbit/s up to the full
capacity ofthe STM-1payload. The derived network clock to beedfor a given service rate imiquely

specified, since the frequency ratio is constrained by 1 < fnxfs <

Administrations/ROAgmay use existing network clocks to support national service in a non-SDH ATM
network.
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d) Transport of the RTS

The 4-bit RTS is transmitted in the serial biteam provided byhe CSI bit in successive SAR-PDU
headers. The modulo 8 sequence count providiesreestructureover 8bits in this serial bistream. Four
bits of theframed 8 bits are allocated ftire RTS and theemaining 4 bits are available fother uses. If
the four bits available for other uses are not utilized, they are set to 0. The SAR-PDU tthdirs odd
sequence count values of 1, 3afid 7are usedor RTS transport. Th#1SB of the RTS is placed in the
CSiI bit of the SAR-PDU header with the sequence count of 1.

e) Plesiochronous network operation

The issue about theccommodation of plesiochronous operatjpe. when acommon reference clock is
not available from the network) needs to be addressed. This scenario must be accommsdeltea way
that therecovered clock satisfigbe jitter requirements specified in Recommendations Ga82i3G.824
for Recommendatior5.702 signals.However, the detailed method of dealing with plesiochronous
operation is not standardized.

2.5.2.2.2 Adaptive clock method

The following is a general description of the method. fHueiver writeghe received information into buffer and then

reads it with a local clock. The filevel of the buffer isused to control the frequency of the local clock. The control is
performed by continuously measurittge fill level around itsmedium positionand by using thisneasure to drive the
phased-locked loop providing the local clock. The fill level of the buffer may be maintained between two limits in order to
prevent buffer overflow and underflow.

2.5.2.3 Structured data transfer (SDT) method

2.5.2.3.1 SDT without use of SRTS

The CS procedure for structured data transfer uses a pointer to delineate the structure boundaries. The procedure supports
any fixed, octet-basedtructure. In particular, it supports lBHz based structures used in circuit-moskervices of
Recommendation 1.231.

The procedure description given here is intended for data transfer which does not use the SRTS method (see 2.5.2.2.1) for
recovery ofthe user clockHowever,since the SDT methoand the SRTS3nethod use the CS indication in alternating
SAR-PDU payloads, it is possible to ube two procedures simultaneously to support both structured data transfer and
SRTS clock recovery. This combined use is described in the next subclause.

The STRUCTURE parameter ithe AAL-UNITDATA-REQUEST and AAL-UNITDATA-INDICATION primitives is
used toconvey structure information between th®AL and theAAL user. See2.1.2 for definition of primitives
and parameters.

The 47 octet SAR-PDU payload used by the CS has two formats, called non-P and P format, as shown in Figure 7.

a) Operations of the non-P format
In the non-P format the entire CS-PDU is filled with user information.

b) Operations of the P format
In the Pformat, the first octet of the SAR-PDipayload isthe pointer field. The remainder is filled with
user information. Thigormatmay beused,only if the sequence coumalue inthe SAR-PDU header is 0,
2,4 or6.
The format of the pointer field is shown in Figure 8.
The pointer field contains tH@nary value othe offset, measured in octets, betwelea end of the pointer
field and thefirst start of the structureblock inthe 93 octepayload consisting dhe remaining 46 octets
of this SAR-PDUpayloadand the 47octets of the next SAR-PDpayload. This offset ranges between 0

and 92 inclusiveMoreover,the offset value 93 isised to indicate that the end of the @3et payload
coincides with the end of a structured block whose start does not lie in the 93 octet payload.
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b) P format

FIGURE 7/1.363
Format of SAR-PDU payload for structured data transfer method

Reserved

bit Offset field (7 bits)

Pointer field (8 bits)

T1817660-92/d08

FIGURE 8/1.363
Pointer field format

The binary value of the offset is inserted right justified in the offset field, i.e., the least significant bit of the
offset is transmittedast. The first bit of the pointer field i®served fofuture standardization and is not
used for the offset; this bit is set to 0.

The pointer should be used as oftennasessary to ensutbat the structureecovery isrobust. The
frequency of pointer utilization is an item for further study.

NOTE — Thereceiving CSmust know the payloasize of a losSAR-PDUpayload in order to maintain correct
bit countand correct block delineation. Whesuch aSAR-PDU has aneven sequenceount valuethe number of
octets to be inserted is 46 or 47 depending on the presence of the fielithtarhere is a need to specify a method
which assists the CS in determining whether the poifiedd is present. A possible method is to require the
transmitting CS to use the pointéeld in a systematicnanner (e.g.periodically). The exact method is for
further study.

The first structured block to be transmitted after AAL connection is established ust®e Pformatwith
sequence count value the SAR-PDU header equal to 0 and with fingt octet of the structured data
placed in the second octet of the SAR-PDU payload.
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Partially filled cells

The SAR-PDU payloadnay befilled only partially with user data in order to reduce the qalyload
assembly delay. Ithis case, the number of leading octets utilifmduser information (excluding pointer
field) in each SAR-PDU payload is a constatiich is determined by the allowable gedlyload assembly
delay. The remainder of the SAR-Ppidyload consists afummyoctets. The value dhe dummyoctet is
for further study.

The offset value ithe pointer field includes all octets of the SAR-Ppd&yload regardless of whether the
octets are utilized for user data or consist of dummy data.

2.5.2.3.2 SDT with use of SRTS

The CS procedure for supportirgructured data transfer together with SRAISck recovery is basically a simple
combination of the CS procedures of 2.5.2.2.1 and 2.5.2.3.1.

The 47 octet SAR-PDU payload uses the two formats shown in Figure 7.
a) Operations of the non-P format

The non-Pformat isused if the sequence couwrdlue within the SAR-PDU header is 1, 3, 5 or 7. The
CS indication bitarrythe RTSvalue as described i2.5.2.2.1.The 47 octets of the SAR-PDphayload
are filled with user information.

b) Operations of the P format

The P format is used if the sequence count value within the SAR-PDU header is 0, 2, 4 or 6. The first octet
of the SAR-PDU payload is the pointer field and the remainder is filled with user information.

If pointer action is not needddr delineating a structured block containedhis SAR-PDUpayload or in
the next SAR-PDUpayload then theseven bits denotinthe offset are set tthedummy value ofll ones.
The CS indication is set to 1 because the pointer field is present.

If pointer action is needed for delineation, the offset and pointer operation are as described in 2.5.2.3.1.

The first structured block to be transmitted aftex AAL connection is established usée Pformatwith
sequence count value the SAR-PDU header equal to 0 and with fingt octet of the structured data
placed in the second octet of the SAR-PDU payload.

2.5.2.4 Correction method for bit errors and lost cells

Other methods are for further study.

2.5.2.4.1 Correction method for bit errors and cell losses for unidirectional video services

This correction method combines forward error correi€iC) andoctet interleavingfrom which a CS-PDU structure
is defined. FEC uses thHeeed-Solomor{128,124)code which is able to correct up to 2 errosythbols(octets) or 4
erasures in thélock of 128 octets. An erasure is an errored octet whose location ibldlck is known. The specific
polynomials to beusedfor Reed-Solomon code are for further studytHe transmitting CS, the 4 octReed-Solomon
code is appended tb24 octets of incoming datbdom the upperayer. The resultindl28 octet long blocks ar¢hen
forwarded to the octet interleaver. See Figure 9 for format of the interleave matrix.

The octet interleaver is organized as a matrix of 128 columns and 47 rows. The interleaver is used as follows; at the input,
incoming 128 octet long blocks are stored row by row (one block corresponding to one thepatput, octets are read

out column by column. The matrix ha28 x 47 = 6016@ctets, corresponding tt28 SAR-PDU payloads. These 128
SAR-PDU payloads constitute one CS-PDU.

In this process, the loss of one SAR-PPhyload inthe matrix implies one erasure, to correct in each rothefmatrix.
Erasures correspond to dummy cell payloads inserted in the cell flow when a cell loss has been detected. Misinserted cells
which have been detected are merely discarded in the CS.
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FIGURE 9/1.363
Format of the interleave matrix

For the synchronization of the CS-PDU, the CS indicator bit of the SAR-PDU header is det thelfirst SAR-PDU
payload of the CS-PDU. This use of the CS indication bit precludes the use of the SDT method as specified in 2.5.2.3.

Within any CS-PDU matrix, this method can perform the following corrections:
— 4celllosses ; or
— 2celllosses and 1 errored octet in each row; or

— 2 errored octets in each row if there is no cell loss.

The overhead of this method is 3. 1 %, and the delay is 128 cells.

3 AAL type 2

3.1 Service provided by AAL type 2

3.1.1  Definitions
The layer services provided by AAL type 2 to the AAL user may include:

— transfer of service data units with a variable source bit rate;

— transfer of timing information between source and destination;

— indication of lost or errored information which is not recovered by AAL type 2, if needed.
3.1.2  Primitives

For further study.

3.2 Interaction with the management and control planes

3.2.1 Management plane
The following indications may be passed from the user plane to the management plane:
— errors in the transmission of user information;

— lost or misinserted cells (further study is required on whethemi¢dsssary talistinguish between lost
and misinserted cells for management purposes);
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— cells with erroredAAL Protocol Control Information (AAL-PCI) (further study required to determine if
this indication is necessary for layer services supported by this AAL type);

— loss of timing and synchronization;
—  buffer underflow and overflow.
3.2.2  Control plane

For further study.

3.3 Functions of AAL type 2

The following functions may be performed in the AAL type 2 in order to enhance the ATM layer service:
a) segmentation and reassembly of user information;
b) handling of cell delay variation;
¢) handling of lost and misinserted cells;
d) source clock frequency recovery at the receiver,
e) recovery of the source data structure at the receiver,
f)  monitoring of AAL-PCI for.bit errors;
g) handling of AAL-PCI bit errors;

h) monitoring of user information field for bit errors and possible corrective action

Other functions are for further study.

3.4 Segmentation and Reassembly (SAR) sublayer

3.4.1  Functions of the SAR sublayer
For further study.

The SAR sublayer functions aperformed on an ATM-SDU basis. Alse SARaccepts variableength CS-PDUdrom
the convergence sublayer, the SAR-PDUs may need to be partially filled.

3.4.2 SAR protocol

For further study.

3.5 Convergence Sublayer (CS)
3.5.1  Functions of the CS
For further study.

3.5.2 CSprotocol

For further study.

4 AAL type 3

As the enhanced specificatifor AAL types 3and 4are now equivalent, the textave been mergeahdreferred to as
AAL type 3/4.

4.0 Framework of AAL type 3/4

The convergence sublay@eS) has been subdivided into ttemmonpart convergence sublay@@PCS) and thservice
specific convergence sublayer (SSCS) as shown in Figure 10. Further clarification can be found in Annex B.
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Different SSCSprotocols, to support specific AAL user services, or groups of servitgshedefined. TheSSCS may
also benull, in the sense that dnly provides forthe mapping ofthe equivalenprimitives ofthe AAL to CPCS and
vice-versa.

(may be null)

A A
,,,,,,, Primitives

Service specific CS 8
)
n

CS

AAL

Common partCS

CPCS

A A
,,,,,,, Primitives

|
»d
«

SAR (common)

A > '

T1817680-92/d10

SAR

SAP
cs Convergence sublayer
CPCS  Common part convergence sublayer
SAR Segmentation and reassembly sublayer
SAP Service access point

SSCS  Service specific convergence sublayer

FIGURE 10/1.363
Structure of the AAL type 3/4

4.1 Service provided by the AAL type 3/4

The AAL type 3/4 providesthe capabilities to transfer theAL-SDU from one user to another AAL usémrough the
ATM network.

Two modes of service are defined: message and streaming.
a) Message mode service

The AAL service datainit is passed across thRAL interface in exactly one AAL interfacdata unit
(AAL-IDUV). This service provides the transport of fixed size or variable length AAL-SDUSs.

i) In case of small fixed size AAL-SDUs anternal blocking/deblocking function in tf®SCSmay be
applied; it provides the transport of one or more fixed size AAL-SDUs in one SSCS-PDU.

i) In case of variabldength AAL-SDUs aninternal AAL-SDU message segmentation/reassembling
function in the SSC#nay beapplied. In this case, a singAL-SDU is transferred in one_anore
SSCS-PDUs.

iii) Where the above options are not used, a single AAL-SDU is transferred in one SSCS-PDU. When the
SSCS is null, the AAL-SDU is mapped to one CPCS-SDU.
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b) Streaming mode service

The AAL-SDU is passed acrosbke AAL interface in one omore AAL-IDU. The transfer othese
AAL-IDUs across theAAL interface may occur separated in time. This service provithes transport of
variablelength AAL-SDUs. The streamingode servicéncludes an abogervice bywhich the discarding
of an AAL-SDU partially transferred across the AAL interface can be requested.

i) An internal AAL-SDU message segmentation/reassemblingction in the SSC#nay beapplied. In
this case, all thé\AL-IDUs belonging to a single AAL-SDU are transferred in @nenore SSCS-
PDU.

i) An internal pipelining functionmay beapplied. It provideshe means bywhich the sending AAL
entity initiates the transfer to the receiving AAL entity before it has the complete AAL-SDU available.

iii) Where option i) is not used, all the AAIDUs belonging to a single AAL-SDU are transferred in one
SSCS-PDU. When the SSCsnigll, the AAL-IDUs belonging to a single AAL-SDU are mapped to
one CPCS-SDU.

A summary of the options applicable to the modes of services described above is found in Tables 3 and 4.

TABLE 3/1.363

Combination of service mode and internal function

AAL-SDU message AAL-SDU L
segmentation/reassembly blocking/deblocking Pipelining
in the SSCS in the SSCS
Message
Option 1 (0] N/A N/A
Option 2 N/A 0] N/A
Streaming (@) N/A (@)

Option 1 Long variable size SDUs
Option 2 Short fixed size SDUs
(0] Optional

N/A Not applicable

TABLE 4/1.363

Combination of service mode at the sending and receiving side

Sender
Receiver MM/Block MM/Seg SM
MM/Deblocking A N/A N/A
MM/Reasssembly N/A A A
SM N/A A A

MM Message mode
SM  Streaming mode
A Applicable

N/A  Not applicable

NOTE — An end-to-end specification of the SDU length in message mode with blocking/deblocking is needed.
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Both modes of service may offer the following peer-to- peer operational procedures:
— Assured operations

Everyassured AAL-SDU is deliveredith exactlythe data content that the user sent. The assamite

is provided by retransmission of missing or corrupted SSCS-PDUs. Flow control is provided as a
mandatory feature. The assured operatioay berestricted to point-to-point ATM adaptatidayer
connections.

- Non-assured operations

Integral AAL-SDUsmay belost or corrupted. Losand corruptedAAL-SDUs will not be corrected by
retransmission. An optional featumay beprovided to allow corrupted AAL-SDUs to be delivered to the
user (i.e. optional error delivery). Flow control may be provided as an option.

4.1.1  Description of AAL connections

The AAL type 3/4 providesthe capabilities to transfer thHAL-SDU from one AAL-SAP to one omore AAL-SAPs
through the ATM network (see Figures add 12).The AAL-users willhavethe capability to select a given AAL-SAP
associated with the QOS required, to transport that AAL-SDU (for example, delay and loss sensitive QOS).

AAL type 3/4 makes use of the service provided by the underlying ATM layer (see EB)utdultiple AAL connections
may beassociated with a single ATNayer connection, allowing SAR-PDU multiplexing the AAL. The AAL user
selects the QOS provided by the AAL through the choice of the AAL-SAP used for data transfer.

AAL-SAP AAL-SAP

< D

AAL-Connection

I

AAL-entity AAL-entity

T1811350-90/d11
Paint-to-point
ATM layer connection

FIGURE 11/1.363
Point-to-point AAL connection

4.1.2 Primitives

The functional model for AAlLtype 3/4 as contained innex C shows the interrelation between the SAR, CPCS
and SSCS sublayers, and the SAR and CPCS primitives.

4.1.2.1 Primitives for the AAL

These primitives are service specific and are for further study.
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FIGURE 12/1.363
Point-to-multipoint AAL connection
AAL-SAP; AAL-SAP, AAL-SAP,;
6 9 6 6 ? Service provided
(Qosy) QOS,) QOS;) to the AAL-users
- ' AAL layer .
- Makes use of the
ATM-SAP, ATM-SAR, underlying ATM
6 9 6 5 layer service

ATM layer

T1818640-92/d13

QOS Quality of Service

FIGURE 13/1.363
Relation between AAL-SAP and ATM-SAP

The SSCS may be null, in the sense that it only provides for the mapping of the equivalent primitives of the AAL to CPCS
andvice-versa. Irthis case, thg@rimitives forthe AAL are equivalent to those faghe CPCS (4.1.2.2) but identified as
AAL-UNITDATA-request, AAL-UNITDATA-indication, AAL-U-Abort-request, AAL-U-Abort-indica-tiorand AAL-P-
Abort-indication, consistent with the primitive naming convention at a SAP.

4.1.2.2 Primitives for the CPCS of the AAL

As there exists no service access p¢BAP) between theublayers ofthe AAL type 3/4, theprimitives are called
“invoke” and “signal” instead of the conventional “request” and “indication” to highlight the absence of the SAP.
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4.1.2.2.1 Primitives for the data transfer service
— CPCS-UNITDATA-invoke and the CPCS-UNITDATA-signal

These primitives are used for the data transfer. The following parameters are defined:

interface data (ID): This parameter specifidhe interface datanit exchanged between the CPCS
and the SSCS entityl.he interface data is an integral multiple of one octet. If the CPCS entity is
operating in themessage mode servidbe interface data represents@mplete CPCS-SDUyhen
operating in the streamingode servicethe interface data does not necessarily represeomalete
CPCS-SDuU.

More (M): In the message mode servictis parameter isnot used. In the streamingode
servicethis parameter specifies whethethe Interface Data communicated contains a
beginning/continuation of a CPCS-SDU or the end of / complete CPCS-SDU.

Maximum Length (ML) : In themessage mode servidéjs parameter isiot used. In thetreaming
mode servicethis parameter indicatethe maximumlength of the CPCS-SDU. Thisarameter is
required with the firstnvoke or signal primitive related to a certain CPCS-SDU,; in all other cases,
this parameter is not used.

Reception Status (RS)This parameter indicatebat the interface data deliverethy becorrupted.
This parameter is only utilized if the corrupted data delivery option is used.

Depending on theervice mode (message or streaming mode sewigearding or delivery of errored information), not
all parameters are required. This is summarized in Table 5.

TABLE 5/1.363
Parameters of the CPCS-UNITDATA

Parameter Type MM SM Comments
Interface data (ID) Invoke signal M M Whole or partial CPCS-SDU
M M
More (M) Invoke signal - M M =0 End of CPCS-SDU
- M M =1 Not end of CPCS-SDU
Maximum length (ML) Invoke signal - M* Maximum length of CPCS-SDU
— o*
Reception status (RS) Invoke signal - - Indication of corrupted data
o o

MM Message mode service

SM  Streaming mode service

M  Mandatory

O  Optional

- Not present

M*  Mandatory with the first invoke or signal primitive related to a certain CPCS-SDU, otherwise absent.
O* Optional with the first invoke or signal primitive related to a certain CPCS-SDU, otherwise absent.

4.1.2.2.2 Primitives for the abort service

These primitives are used in the streaming mode service.
a) CPCS-U-Abort-invoke and CPCS-U-Abort-signal

This primitive isused by the CPCS useritivoke the abortservice. It is alsased to signal to the CPCS
user that a partially delivered CPCS-SDU is to be discarded by instrdamionits peer entity. No
parameters are defined.

22

This primitive is not used in message mode.
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b)

CPCS-P-Abort-signal

This primitive is used by the CPCS entity to signal to its user that a partially delivered CPCS-SDU is to be
discarded due to the occurrence of some error in the CPCS or below. No parameters are defined.

This primitive is not used in message mode.

4.1.2.3 Primitives for the SAR sublayer of the AAL

These primitives model the exchange of information between the SAR sublayer and the CPCS.

As there exists no service access p¢BAP) between theublayers ofthe AAL type 3/4, theprimitives are called
“invoke” and “signal” instead of the conventional “request” and “indication” to highlight the absence of the SAP.

4.1.2.3.1 Primitives for the data transfer service

1

2)

3)

SAR-UNITDATA-invoke and the SAR-UNITDATA-signal
These primitives are used for the data transfer. The following parameters are defined:

Interface Data (ID): This parameter specifi¢se interface datanit exchanged between the SARd the
CPCS entity. The interface data is an integral multiple of one octet. The interface data does not necessarily
represent a complete SAR-SDU.

More (M): This parameter specifies whether the interface data communicated contains the end of the SAR-
SDU.

If the More parameter is set th=1, theinterface data parameter must contain an integral multiple of
44 octets.

Reception Status (RS)This parameter indicatekat the interface data deliverathy becorrupted. This
parameter is only utilized if the corrupted data delivery option is used.

4.1.2.3.2 Primitives for the abort service

4.2

421

a)

b)

SAR-U-Abort-invoke and SAR-U-Abort-signal

This primitive isused by the SAR user tovoke the abortservice. It is alsased by the SAR entity to
signal to the SAR user that a partially delivered SAR-SDU is to be discarded by instfrartidts peer
entity. This primitive has no parameters.

SAR-P-Abort-signal

This primitive isused by the SAR entity to signal to its user that a partially delivered SAR-SDU is to be
discarded due to the detectionsaimeerror. This primitive is onlyused if the corrupted datielivery
option is not used. This primitive has no parameters.

Interaction with the management and control plane

Management plane

For further study.

4.2.2

Control plane

For further study.

4.3

4.3.1

Functions, structure and coding of AAL type 3/4

Segmentation and Reassembly (SAR) sublayer

4.3.1.1 Functions of the SAR sublayer

The SAR sublayer functions aperformed on an SAR-PDU basis. TBAR sublayer acceptariablelength SAR-SDUs
from the convergence sublayer (CS) and generates SAR-PDUs containing up to 44 octets of SAR-SDU data.

The SAR sublayer functions provide the means for the transfer of muttiéblelength SAR-SDUs concurrenttyver a
single ATM layer connection between AAL entities.
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a) Preservation of SAR-SDU

This function preserves the SAR-SDU by providing for a segmenirgpeation and a SARPDU payload
length indication. The SAR-PDWayloadlength indication identifies the number of octets of SBBRU
information containedavithin the SAR-PDUpayload. The segment tyjredication identifies a SAR-PDU
as a beginning omessaggBOM), continuation ofmessaggCOM), end ofmessagdEOM), or single
segment message (SSM).

b) Error Detection and Handling
This function provides the means to detect and handle:
- biterrors in the SAR-PDU,;
- lost or gained SAR-PDUs.

SAR-PDUs with bit errors are discarded. An optional featwmay be provided to allow corrupted
SAR-PDUs to be delivered to the CPCS (i.e. optional error delivery). However, if the optional multiplexing
and demultiplexing of SAR connections is performed, such an optional errored delivery service may deliver
an errored SAR-SDU to the wrong state machine. SAR-SIits lost or gained SAR-PDUs are
discarded or are optionally delivered to BBCS. When delivering errorédformation, an appropriate
indication is associated with the information.

c) SAR-SDU sequence integrity
This function assures that the sequence of SAR-SDUs is maintained within one SAR connection.
d) Multiplexing/demultiplexing

This function provides fothe optional multiplexing and demultiplexing of multiple SAR connections. The
number of SAR connections supporteder an ATM connection shall be negotiated at connection
establishment. The default number of CPCS connections shall b&Vithex a given SAR connection,
sequence integrity will be preserved.

e) Abort

This function provides for the means to abort a partially transmitted SAR-SDU.

4.3.1.2 SAR-PDU structure and coding

The SAR sublayer functions require a 2 octet SAR-PDU heatttra 2octet SAR-PDU trailer. The SAR-PDU header
and trailer together with the 4ttets of SAR-PDU payload compritee 48 octet ATM-SDU (celbayload). The sizes
and positions of fields for the SAR-PDU structure are given in Figure 14.

The coding of the SAR-PDWonforms tothe coding conventions specified in 2.1/1.361. There are tipes of
SAR-PDU: Data-SAR-PDUs and Abort-SAR-PDUs.

4.3.1.2.1 Data-SAR-PDU coding
a) Segment type (ST) field

The segment typéndication identifies a SAR-PDU as containing a beginningnetsagg BOM), a
continuation ofmessaggCOM), an end ofmessagdEOM), or a single segmemessaggSSM). The
association between the encoding and the meaning of the segment type field is shown in Table 6.

b) Sequence number (SN) field

Four bits are allocated to the sequence Number field allowing the stream of SAR-PDUs of a CPCS-PDU to
be numbered modulo 16.

Each SAR-PDU belonging to a SAR-SDU (and hence associated @itlera MID value)will have its
sequence number incremented by one relative to its previous sequence number. The receiver checks the
sequence of the sequence number field of SAR-PDUs ddriwacbne SAR-SDU and does ncheck the
sequence of the sequence number field of the SAR-PDUs ddroradsuccessiveSAR-SDUs. As the

receiver does not chedke sequence number continuity between SAR-SDUs, the semajeset the
sequence number field to any value from 0 to 15 at the beginning of each SAR-SDU.
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Cell header ST| SN MID SAR-PDU payload LI CRC

SAR-PDU header SAR-PDU trailer
SAR-PDU
< >
Segment type (2 bits) T1811370-90/d14
Sequence number (4 bits)
Multiplexing identification (10 bits)
Length indication (6 bits)

Cyclic redundancy check code (10 bits)

FIGURE 14/1.363
SAR-PDU format for AAL type 3/4

TABLE 6/1.363

Coding of segment type field

Segment type Encoding Usage
BOM 10 Beginning of message
COM 00 Continuation of message
EOM 01 End of message
SSM 11 Single segment message

c) Multiplexing identification (MID) field
This field is used for multiplexing. If no multiplexing is used, this field shall be set to zero.

In connection oriented applicationsiiay beused to multiplex multiple SAR connections on a single
ATM layer connection. The following restrictions may apply:

- Multiplexing/demultiplexing on a single ATM layer connection using the MID field will be on a user-
to-user basis.

- Asingle ATM layer connection containing multiplexed AAL type 3/4 traffit be administered as a
single entity.

In connectionless and connection oriented applications, all SAR-PDUs of a SAR-SHaweithe same
MID field value. TheMID field is used to identify SAR-PDUs belonging to a particular SAR-SDU. The
MID field assists in the interleaving of SAR- PDBlem different SAR-SDUsand reassembly of these
SAR-SDUs.

An implementation of AAL type3/4 is notobliged to support the full range MID field values. The

mechanism for restrictinghe range ofMID field values is for further study. Examples of possible
mechanisms would include those based on dynamic negotiation or on signalling.
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d)

e)

SAR-PDU payload field

The SAR-SDU information is left justified within the SAR-PDU payload field. The remaining octets of the
SAR-PDU payload field may be set to “0” and are ignored at the receiving end.

Length indication (LI) field

The length indication field is binary encodeith the number of octets of SAR-SDU information that are
included in the SAR-PDWayload field. Permissible values tbis field, depending on the coding of the
segment type field are shown in Table 7. See also Figure B.3. Combined SAR and CPCS PDU format.

TABLE 7/1.363

Permissible values of the length indication field

Segment type Permissible value
BOM 44
COM 44
EOM 4 ... 44, 63 (Note)
SSM 8..44
NOTE — The value “63” is used in the Abort-SAR-PDU (see 4.3.1.2.2)

CRC field

The CRC field shall be a 10-bit sequence. It shall be the remainder of the division (modulo 2) by the
generator polynomial ahe productof, x10 and the content of the SAR-PDU, including tBAR-PDU
header, SAR-PDU payloadgnd length indication field of the SAR-PDU trailer. Each bit of the
concatenated fields mentionalloveare considered as coefficients (modulo 2) of a polynomial of degree
373. The CRC-10 generator polynomial is:

GX) =1+x+x4+x3+x9+x10

The result of the CRC calculation is placed with the least significant bit right justified in the CRC field.
The CRC-10 is used to detect bit errors in the SAR-PDU.

4.3.1.2.2 Abort-SAR-PDU coding

The coding of the Abort-SAR-PDU conforms to the structure and coding specified above with the exception that

1)
2)
3)

the segment type field shall be coded as EOM;
the payload field may be set to zero and is ignored at the receiving end;

the length indication field shall be set to 63.

4.3.2  Convergence Sublayer (CS)

4.3.2.1 Functions, structure and coding for the CPCS

The CPCS has the following service characteristics.

Non-assured transfer of user datmeswith any length measured in octei®m 1 to65,5350ctets and
with the possibility of further extension (how much it can be extended is for further study).

One ormore“CPCS connectionsinay beestablished between two CP@8er entities (no switching of
CPCS connections will be supported). Thaximum number o€PCS connections that can be established
is defined by the end system with the lowest capacity.
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The CPCS connections will be established by management or by the control plane.
Error detection and indication (cell loss or gain).

CPCS-SDU sequence integrity on each CPCS connection.

The CPCS has the basic functionality to support a connectionless netweads protocol (CLNAP) layer (Class D) as
well as aframe relaying telecommunication serviceGtass C. For the CLNARyer (Class D) there is needfor any
service specific convergence sublayer.

4.3.2.1.1Functions of the CPCS

The CPCS functions are performed per CPCS-PDU. The @R&V&les several functions in supportioé CPCSservice
user.Some ofthe functions provided depend on whether the CB&Sice user is operating message or streaming

mode.

Message mode service

The CPCS-SDU is passed across the CPCS interfamaatly one CPCS-IDU. This service provides the
transport of a single CPCS-SDU in one CPCS-PDU.

Streaming mode service

The CPCS-SDU is passed across the CPCS interface in anererCPCS-IDUs. The transfer tifese
CPCSIDUs across the CPCS interfao®y occur separated in time. This service provitfestransport of

all the CPCS-IDUs belonging to a single CPCS-Sibitb one CPCS-PDU. The streaminpde service
includes an aborervice bywhich the discarding of a CPCS-SDU partially transferred across the interface
can be requested.

The functions implemented by the CPCS include:

a)

b)

c)

d)

Preservation of CPCS-SDU
This function provides for the delineation and transparency of CPCS-SDUs.
Error detection and handling

This function providegor the detection and handling of CPCS-PDU corruption. Corrupted ¢3BLS
are either discarded or are optionally delivered toSBES. The procedurder delivery of corrupted
CPCS-SDUs ardor further study.When delivering errorednformation to the CPCS user, an error
indication is associated with the delivery.

Examples of detected erronould include: Btag/Etagnismatch, received lengénd CPCS-PDU length
field mismatch, buffer overflow, improperly formatted CPCS-PRldd errors indicated by the SAR
sublayer.

Buffer allocation size

This function providesfor the indication to the receivingeer entity ofthe maximum buffering
requirements to receive the CPCS-PDU.

Abort
This function provides for the means to abort a partially transmitted CPCS-SDU.

Other functions are for further study.

4.3.2.1.2 CPCS structure and coding

The CPCS functions require a 4 octet CPCS-PDU hestra 4octet CPCS-PDU trailer. In addition, a padding field
provides for a 3dit alignment of the CPCS-PDphyload. The CPCS-PDU headerd trailer together with the padding
field and the CPCS-PDU payload comprise the CPCS-PDU. The sizes and positions of fiblel CIeCS-PDU structure
are given in Figure 15.

The coding of the CPCS-PDU conforms to the coding conventions specified in 2.1/1.361.

a)

Common part indicator (CPI) field

The CPIfield is used to interpret subsequent fidloisthe CPCS functions in the CPCS-PDU header and
trailer. The counting unit®r the values specified ithe BAsize and length fieldsay beindicated; other
uses arefor further study. Theseises shall be restricted to the CPCS and $ARlayer functions
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including themeans to identify related AAL layer management messages. These messhgefuiare
could be used tgerform layer managemertinctions which may include: performanceand fault
monitoring, MID allocation, and transfer of OAM messages.

CPCS-PDU header CPCS-PDU payload PAD | CPCS-PDU trailer
CPI Btag BASize AL Etag Length
CPCS-PDU header CPCS-PDU trailer
CPCS-PDU
CPI Common part indicator (1 octet) T1817690-92/e15
Btag Beginning tag (1 octet)
BASize Buffer allocation size (2 octets)
PAD Padding (0 ... 3 octets)
AL Alignment (1 octet)
Etag End tag (1 octet)
Length Length of CPCS-PDU payload (2 octets)

FIGURE 15/1.363
CPCS-PDU format for AAL type 3/4

Table 8 showshe agreed coding of tHePl field and indicates the relategmantics of the BAsize and
length fields. Additional encodings and uses of the CPI field are for further study.

TABLE 8/1.363

CPI field encoding

CPI encoding BAsize field semantics Length field semantics
00000000 Buffer allocation requirements in octets Equals length of CPCS-PDU payload
in octets
Other values are reserved and For further study For further study
are for future standardization

b) Beginning tag (Btag) field

This field allows the association of the CPCS-PDU header and ti#ilersender inserts tlsame value in
the Btagand the Etag in the traildor a given CPCS-PDWnd changes thealue for each successive
CPCS-PDU. The receiver chedke value ofthe Btag in the CPCS header with tredue ofthe Etag in
the CPCS trailer. It does not check the sequence of the Btag/Etags in successive CPCS-PDUs.
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As an example, a suitable mechanism is as follows: The sender increments the value placed in the Btag and
Etag fields for each successive CPCS-P&ddtover a given MID value. Btag values are cycled up to
modulo 256.

c) Buffer allocation size indication (BAsize) field
The BAsize field indicates to the receivipger entitythe maximum bufferingequirements to receive the
CPCS-SDU. Inmmessage modthe BAsizevalue is encoded equal tbe CPCS-PDUpayloadlength. In
streaming mode, the BAsize value is encoded equal to or greater than the CPCS-PDU payload length.
The buffer allocation size is binary encoded as numbeowrfiting units. The size of the counting units is
identified by the CPI field.
NOTE — The length of the CPCS-PDU payload is limitetheomaximunmvalue ofthe BAsize field multiplied by
the value of the counting unit.
d) Padding (PAD) field
Between the end of the CPCS-PDU payload and the 32 bit aligned CPCS-PDU trailer, theré&ramil e
to 3 unused octetIheseunusedoctets are called the padding (PAD) fielldey are strictlyused as filler
octets and do not convey any information. It may be st#t'tand itsvalue is ignored ahe receivingend.
This padding field complements the CPCS-PDU payload to an integral multiple of 4 octets.
The function of the PAD field is shown in Figure 16.
Multiple of 4 octets
! 4 oct ¢ 1 g 4 oct !
I | I I I / / I I I | I I I I I
| Hor ] Info \\ ——>] P [ T | PAD =3 octets
77
/ / | | | | | | | |
| Hdr | Info \\ H{ | T | PAD = 2 octets
/7
/ / | | | I | | | | |
| Har ] Info N\ ——>»] | ™ | PAD=1octt
/
/ / | | | I | | | | |
| Hor ] Info \\ > T | PAD =0 octet
77/
// 1 1 1 I 1 1 1 1 1 1 1 1 <mtet>
[ har ] Info N\ ——> pao | T | PAD=3oct
7/
T1817700-92/d16
PAD PAD field Format of the CPCS-PDU
Hdr CPCS header
Info CPCS payload
Trl CPCS trailer

FIGURE 16/1.363
Function of the PAD field
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e) Alignment (AL) field

The function of the alignment field is &xhieve 32-bit alignment ithe CPCS-PDU trailer. The alignment
field complementshe CPCS-PDU trailer to 32 bits. This unusetet is strictly used as a filler octet and
does not convey any information.

The alignment field shall be set to zero.
f) End tag (Etag) field

For a given CPCS-PDU, the sender shall insert the same value in this field as was inserted in the Btag field
in the CPCS-PDU header to allow the association of the CPCS-PDU trailer with its CPCS-PDU header.

g) Length field

The length field is used to encode the length of the CPCS-PDU payload field. This field is also used by the
receiver to detect the loss or gain of information.

The length is binary encoded as number of countimits. The size of the counting units is identified by
the CPI field.

NOTE — The length of the CPCS-PDU payload is limited to the maximum value of the length field multiplied
by the value of the counting unit.

4.3.2.2 Functions, structure and coding for the SSCS

The CPCS has the basic functionality to support a connectionless néawerl(Class D) as well asfeame relaying
telecommunication service in Class C. Boe connectionless netwolayer (Class D) there is noeedfor any service
specific convergence sublayer. Otherwise the functions, structure and coding for the SSCS are for further study.

4.4 Procedures

There exists one segmentatiand reassembly state machine per multiplexitentification (MID) field value. For each
such state machine, the value of this field must be known by the protocol state machines.

4.4.1  Procedures of the SAR sublayer

The structure and coding of the SAR-PDU is defined in 4.3.1.2.

4.4.1.1 State variables of the SAR sublayer at the sender side

The SAR sender maintains the following state variable:
— snd_SN

This variable isused to set the sequence number field of the SAR-PDU header. It is incremented
modulo 16 after each SAR-PDU of a SAR-SDU has been forwarded to the ATM layer for transmission.

4.4.1.2 Procedures of the SAR sublayer at the sender side
The state machine of the SAR sender is shown in Figure 17.

Table 9 defines the states for the SAR sender.

TABLE 9/1.363

State definitions for the SAR sender

State Definition
IDLE Waiting to begin to transmit a new SAR-SDU
STREAM Transmitting a SAR-SDU in streaming mode
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SAR-UNITDATA-invoke (..., M=0, ...) SAR-UNITDATA-invoke
SAR-U-Abort-invoke (..M=1.)

SAR-UNITDATA-invoke
(M=1,.)

SAR-UNITDATA-invoke
(.aM=0,..)

T1817710-92/d17

SAR-U-Abort-invoke

FIGURE 17/1.363
State transition diagram for the SAR sender

1) When the SAR connection is established, the SAR sendersbatted to théDLE state. Whenever
entering the IDLE state, the SAR sender may change its state variable snd_SN to any value from 0 to 15.

2) For each SAR-PDU, the SAR sender shall setMi2 field to thevalues governinghis state machine.
The sequence number field is set tohkie ofthe statevariablesnd_SN and the stat@riablesnd_SN is
incremented by one (modulo 16).

3) Upon receiving a SAR-UNITDATA-invoke primitivérom the CPCS, the SAR sender shall start the
segmenting process. If the Interface Data has a length oftharel4 octets, the SAR sender giinerate
morethan one SAR-PDU. In all SAR-PDWUgxcept possiblythe last one), the SAR-PDpayload field
shall be filled with 44 octets of CPCS-PDU information.

4) In each SAR-PDU, the length indication field shall be set to the number of octets of SAR-SDU data carried
in the payload and the CRC field shall be computed as specified in 4.3.1.2.

5) If the SAR sender is in th®LE state, it shall set theost significanbit of thesegment typdield in the
first SAR-PDU to“1” (“BOM” or “SSM”); in all subsequentSAR-PDUs, this bit shall be set to “0”
(“COM” or “EOM"). If the SAR sender is in the STREAM state, thest significanbit of the ST field of
all SAR-PDUs shall be set to “0”".

6) If the M parameter inthe SAR-UNITDATA-invoke primitive has thevalue“0”, the SAR sender shall set
the least significant bit of theegment typdield in the last SAR-PDU t61” (‘EOM” or “SSM”); in all
other cases, this bit shall be set to “0” (“BOM” or “COM”).

7) Upon completion ofhe segmenting process, the SAR sender shall proceed eithedDd Ehetate or the
STREAM state. If the Mparameter irthe SAR-UNITDATA-invoke primitivehas thevalue“0”, the SAR
sender shall proceed to the IDLE state; otherwise, it shall proceed to the STREAM state.

8) The SAR sender shall ignoreSAR-U-Abort-invoke primitivewhen it is in the DLE state. When in the
STREAM state, the SAR sender shall geneaaig transmit abort-SAR-PDUand proceed to théDLE
state.

NOTE — This description of th8AR sender procedures valid for all servicenodes of the CPCS. If the CP@8sses
only complete CPCS-PDUs to the SAR sublayer, the state machine remains always in the IDLE state.

4.4.1.3 State variables of the SAR sublayer at the receiver side

The SAR receiver maintains the following state variable:
— rcv_SN

This variable is used to detect loss or gain of SAR-PDUs. After the receipt of an SAR-PDUsegtinent
typefield that indicates “COM” or “EOM”, the SAReceiver comparethe value inthe sequenceumber
field with this state variable. If they are equak SAR-PDU is assumed to be in sequearcdthercv_SN
is incremented by one modulo 16.
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If the segment typdield of a SAR-PDU indicates “BOM” or “SSM”, the sequenuamber field is not
compared with rcv_SN; however, the state variable rcv_SN is set to one greater (h&)dbkn thevalue
in the sequence number field.

4.4.1.4 Procedures of the SAR sublayer at the receiver side

The state machine of the SAR receiver is shown in Figure 18.

Table 10 defines the states for the SAR receiver.

SSM SAR-PDU

detection of error in any SAR-PDU

COM SAR-PDU

EOM SAR-PDU BOM SAR-PDU
Abort-SAR-PDU BOM SAR-PDU COM SAR-PDU

EOM SAR-PDU
detection of error in any SAR-PDU
Reassembly timer expiry
SSM SAR-PDU
Abort-SAR-PDU

T1817720-92/d18
FIGURE 18/1.363

State transition diagram for the SAR receiver

TABLE 10/1.363

State definitions for the SAR receiver

State Definition

IDLE Waiting to begin to receive a new SAR-SDU
REASS Receiving a SABDU

The following procedures are specified for&R receivethat does not deliver errored data to the recei@RES. The
procedures describing the delivery of errored information are for further study.

NOTE - The ternidelivery to the CPCS” refers to the communication acrossSAR - CPCS sublayer boundawa a
SAR-UNITDATA-signal primitive.

1) Allillegal SAR-PDUs are ignored. An illegal SAR-PDU is a SAR-PDU with either
- a CRC verification error; or

- an unexpected MID field value.

NOTE - The discarding dflegal SAR-PDUsactually takeglace prior to assigning thf@AR-PDU to areassembly
process governed by a particular MID field value.
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2) Forevery SARPDU received, the SAReceiver verifieghat thevalue ofthe length indication field is
permissible giverthe coding of thesegment typdield (c.f. Table 7 “Permissible values tife Length
Indication Field”). If thevalue is outsidehe allowed range, the SAR-PDU is discarded. If the SAR
receiver is ithe REASS state, it shall issue a SARMBort-signal primitive tathe receivingCPCS. In all
cases, it shall proceed to the IDLE state.

3) In the absence of erroamdirrespective othe state in which the SAReceiveris, the number of octets
indicated in the length indication field are séwoim the SAR-PDUpayload tothe CPCS. If thesegment
typefield indicates “EOM” or “SSM”, the Mparameter is set t®)” and the SARreceiver proceeds to the
IDLE state; otherwise, if the segment type field indicates “BOM” or “COM”, thpadvameter is set to “1”
and the SAR receiver proceeds to or remains in the REASS state.

The following error recovery procedures apply:

4) If the SARreceiver is inthe IDLE state andeceives a SAR-PDU whose segment tfiedd indicates
“COM” or “EOM”, the SAR receiver shall ignore the SAR-PDU.

5) If the SARreceiver is inthe REASS state anmeceives a SAR-PDU whose segment tfipt indicates
“BOM” or “SSM”, the SAR receiver shall issue a SAR-P-Abort-signal ttee receiving CPCS; the
SAR-PDU shall be processed normally as described in 3) above.

6) If the SAR receiver is in the REASS state and it receives a SAR-PDU whose \lee@guenceumber
field is not thesame ashe value ofthe statevariable rcv_SN, ishall issue a SAR-P-Abort-signal to the
receiving CPCS, in addition, if thesegment typdield indicates “COM” or “EOM”, the SAR-PDU is
discarded and the SAReceiver shall proceed tthe IDLE state; otherwise, the SAR-PDU shall be
processed normally as described in 3) above.

7) If the SAR receiver receives an Abort-SAR-PBIM is in thdDLE state, this SAR-PDU shall be ignored;
if in the REASS state, the SARceiver shall issue a SAR-U-Abort-sigrmaimitive and proceed to the
IDLE state.

If a reassembly timer is supported, the following procedures apply:

8) When after the processing of a SAR-PDU the SAR receiver reish&EASS state, theassembly timer
shall be (re-)started.

9) If thetimer is stillrunning when the SAReceiver transitionfom the REASS state to tHhBLE state, the
timer shall be stopped.

10) If thetimer expires (the SAReceiver is inthe REASS state) the SAfceiver shall issue a SARAbort-
signal to the receiving CPCS and shall proceed to the IDLE state.

Other reassembly timer procedures are for further study.

NOTE — The timer value may be dependent on the AAL connection but is not specified in this Recommendation.

4.4.2  Procedures of the CPCS for the message mode service

The structure and coding of the CPCS-PDU are defined in 4.3.2.1.

4.4.2.1 State variables of the CPCS at the sender side

The CPCS sender maintains the following state variable:
— snd_BEtag

This variable isused to set the Btag field in the CPCS-PDU headérthe Etag field in the CPCS-PDU
trailer.

4.4.2.2 Procedures of the CPCS at the sender side for the message mode service
The state machine of the CPCS sender is shown in Figure 19.

Table 11 defines the states for the CPCS sender.
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CPCS-UNITDATA-invoke

T1817730-92/d19

FIGURE 19/1.363
State transition diagram for the CPCS sender

TABLE 11/1.363

State definitions for the CPCS sender

State Definition

IDLE Waiting to transmit a new CPCS-SDU

1) When the CPCS connection is established, the CPCS sender shall set Waristalessnd_BEtag to any
value from 0 to 255.

2) Upon receiving an CPCS-UNITDATA-invokeom the CPCS user, the CPCS sender shall construct the
CPCS-PDU header, place treceived CPCS-SDU intihe CPCS-PDUpayload, construdhe PAD field
and construct the CPCS-PDU trailethe CPCS-PDU is then forwarded in its entirety (i.e. the
M parameter is set td0”) to the SAR sublayer viathe SAR-UNITDATA-invoke primitive for
segmentation and transmission.

3) After forwarding the CPCS-PDU to the SAR sublayer, the CPCS sendemsiuiy its statevariable
snd_BEtag. This modification must assure that the GReR€Sver can unambiguously associhie CPCS-
PDU header and trailer elzeryCPCS-PDU even ithe presence of loss of information (cell losaess
CPCS-PDU boundaries). At thminimum, the snd_BEtag shall be set amy value differenfrom the
current one (modulo 256).

NOTE - A suitable mechanism is to incremehé statevariable snd_BEtag by one (moduR56) after each
CPCS-PDU.

4.4.2.3 State variables of the CPCS at the receiver side

The CPCS receiver maintains the following state variables:
1) rcv_BEtag

This variable is used to assure that a received CPCS-PDU trailer belongs to the CPCS-PDU currently being
reassembled. This is achieved by copyting Btag fieldvalue tothis statevariablewhen processing the
CPCS-PDU header; when processing the associated CPCS-PDU trailealuhan the Etag field is
compared to the value in the state variable.

2) rcv_BAsize

This variable isused to assure thattempts to assemble CPCS-PDitiat are longer than the requested
BAsize will fail.

4.4.2.4 Procedures of the CPCS at the receiver side
The state machine of the CPCS receiver is shown in Figure 20.

Table 12 defines the states for the CPCS receiver.
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SAR-UNITDATA Signal (M = 1) with
legal CPI and SDU < BAsize

SAR-UNITDATA Signal (M = 0)
SAR-U-Abort Signal
SAR-P-Abort Signal

SAR-UNITDATA Signal (M = 1) with
SDU <BAsize

SAR-UNITDATA Signal (M = 0)
SAR-U-Abort Signal
SAR-P-Abort Signal

SAR-UNITDATA Signal (M = 1) with
illegal CPI or SDU > BAsize

SAR-UNITDATA Signal (M = 1) with

SAR-UNITDATA Signal (M = 0)
SDU > BAsize

SAR-U-Abort Signal
SAR-P-Abort Signal

T1817740-92/d20

SAR-UNITDATA Signal (M = 1)

FIGURE 20/1.363
State transition diagram for the CPCS receiver

TABLE 12/1.363

State definitions for the CPCS receiver

State Definition
IDLE Waiting to begin to reassemble a new CPCS-PDU
REASS Reassembling a CPCS-PDU
ABORT Aborting an illegal CPCS-PDU

The following procedures are specified for a CRE€&iverthat does not deliver errored data to the receiving CPCS user.
Procedures for the optional delivery of errored information are for further study.

1) When the CPCgceiver is irthe IDLE state and iteceives a SAR-UNITDATA-signal primitive from the
SAR sublayer, the first four octets of the information represent the CPCS-PDU header.
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If the CPI field in the CPCS-PDU header is illegal, the Clr&e8iver shall proceed the ABORT state if
the M parameter is set ti” or to the IDLE state if the Mparameter is set tt®". Otherwise, the CPCS
receiver shaltopythe value ofthe Btag field into the rcv_BEtag statariable. It also shall sé¢he state
variable rcv_BAsize to the value of the BAsize field. The allocationredssembly buffewith at least the
size indicated in the state variable rcv_BAsize is implementation dependent.

NOTES

1  This procedure description may copy up to three octetheoPAD field into the reassembly buffebefore
processing the CPCS-PDU trailer.

2 When the CPCS receiver is in tREASSstate and iteceives a SAR-UNITDATA-signal primitive frote SAR
sublayer, no CPCS-PDU header information is present.

2) When the CPCgSeceiver is inthe IDLE state or the REASS state andéteives a SAR-UNITDATA-
signal primitive from the SAR sublayer with the M parameter set to “0”, the last 4 octetsimbtingation
represents the CPCS-PDU trailer. If the alignment field in the CPCS-PDU trailer is not equal to zero, the
CPCS receiver shall free the reassembly buffer and proceed to or remain in the IDLE state.

The CPCSeceiver shallerify that thevalue ofthe Etag field is equal to thelue inthe rcv_BEtag state
variable. If they are not equahe CPCSeceiver shalfreethe reassembly buffeandproceed to or remain
in the IDLE state.

If the value of the length field in the CPCS-PDU trailer is grethten thealready reassembled information
in the reassembly buffeplus the information in the interface data of timémitive currently processed
(without the CPCS-PDU trailer and the CPCS-PDU header), the @&e®er shalfree the reassembly
buffer and proceed to or remain in the IDLE state.

If the value ofthe length field in the CPCS-PDU trailer is less tharatheady reassembled information in
the reassembly buffeplus the information in the interface data of gmeémitive currently processed
(without the CPCS-PDU trailer and the CPCS-PDU header) minus 3, the @e€ger shalffree the
reassembly buffer and proceed to or remain in the IDLE state.

If the already reassembled information in the reassembly tpifferthe information in the interface data of
the primitive currently processe@vithout the CPCS-PDU trailer and the CPCS-PDU headagjeiater
than the stateariable rcv_BAsize plughe maximumpad field length, the CPCfceiver shalfree the
reassembly buffer and proceed to or remain in the IDLE state.

The CPCSreceiver shalcopy the information in the interface data of themitive currently processed
(without the CPCS-PDU trailer ammbssiblythe CPCS-PDU header) to treassembly buffer. ThHEPCS
receiver shallthen send theeassembled CPCS-SDU tbe CPCS user in the interface data of a
CPCS-UNITDATA-signal primitive; the amount of information in the interface data is equal valtheof
the length field of the CPCS-PDU trailer. It shall afis®the reassembly buffeandproceed to or remain
in the IDLE state.

3) When the CPCSeceiver is inthe IDLE state or the REASS state andéteives a SAR-UNITDATA-
signal primitive from the SAR sublayer with the M parameter set to “1”, no CPCS-PDU trailer is present.

If the already reassembled information in the reassembly tpifferthe information in the interface data of
the primitive currently processe@without possibly the CPCS-PDU header) is greatean the state
variable rcv_BAsize plus the maximum pad field length, the CPCS receiver shétfifreassembly buffer
andproceed to the ABORT state. Otherwise, the CR&S8iver shaltopythe information in the interface
data of the primitive currently processed (without possibly the CPCS-PDU headerjaagbembly buffer
and proceed to or remain in the REASS state.
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4) If the CPCSreceiver receives a SAR-U-Abort-signal or a SAR-P-Abort-signal primftom the SAR
sublayer while inthe IDLE state, theprimitive shall be ignored; when in the REASS state, the CPCS
receiver shall free the reassembly buffer and proceed to the IDLE state.

5) If the CPCS receiver is in the ABORT state and it receives a SAR-UNITDATA-signal primitive with the M
parameter set ttl”, the primitive shall be ignored and the CPG@&eiver shall remain ithe ABORT
state.

However, if inthe ABORT state the CPCfeceiver receives a SAR-U-Abort or SAR-P-Abort-signal
primitive or a SAR-UNITDATA-signal primitivevith the M parameter set tt®”, the CPCSreceiver shall
proceed to the IDLE state.

4.4.3  Procedures of the CPCS for the streaming mode service
These procedures are for further study.

4.4.4 Procedures of the SSCS

These procedures are for further study.

5 AAL type 4

As the enhanced specificatifor AAL types 3and 4are now equivalent, the textave been mergadto 4 andreferred
to as AAL type 3/4.

See 4.
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6 AAL type 5

6.0 Framework of AAL type 5

The Convergence Sublayer (CS) has been subdividedhatGommonPart CS (CPCS), and tt&ervice Specific CS
(SSCS) as shown in Figure 6-1. Differ&@®CSprotocols, to support specific AAL user services, or groups of services,
may be defined. The SSCS may also be null, in the sense that it only providesnfapping ofthe equivalenprimitives

of the AAL to CPCS and vice versa. SSCS protocols are specified in separate Recommendations.

SAP
A
A N A

Service Specific CS
(may be null)

SSCS

A

CsS

Primitives

Common Part CS

CPCS

AAL

Primitives }V

SAR

SAR

v T~ v
.

SAP T1817680-92/d50

FIGURE 6-1/1.363
Structure of the AAL type 5

6.1 Service provided by the AAL type 5

The AAL type 5 provideshe capabilities to transfer t#AL-SDU from one AAL user to another AAL usénrough the
ATM network. The Message Mode service, Streaming Mode seauckassured and non-assuopérations as defined
below for AAL type 5 are identical to those defined for AAL type 3/4 in 4.1.

Two modes of service are defined: Message and Streaming.

a) Message Mode service The AAL Service Dat&nit is passedcross theAAL interface in exactly one
AAL Interface DataUnit (AAL-IDU). This service provideshe transport of fixed size aariablelength
AAL-SDUs.

i) In case of small fixed size AAL-SDUSs, an internal blocking/deblocking functiagharSSCSnay be
applied; it provides the transport of one or more fixed size AAL-SDUs in one SSCS-PDU.

i) In case of variabldength AAL-SDUs, an internaRAL-SDU message segmentation/reassembling
function in the SSC#ay beapplied. In thiscase a single AAL-SDU is transferred one or more
SSCS-PDUs.

iii) Where the above options are not used, a single AAL-SDU is transferred in one SSCS-PDU. When the
SSCS is null, the AAL-SDU is mapped to one CPCS-SDU.
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b) Streaming Modeervice— The AAL-SDU is passed acrod®se AAL interface in one omore AAL-IDU.
The transfer of thesAAL-IDUs acrossthe AAL interface may occur separated in time. This service
providesthe transport ofvariable length AAL-SDUs. The Streaming Modgervice includes anabort
service bywhich the discarding of aAAL-SDU partially transferred acrogbe AAL interface can be
requested.

i) Aninternal AAL-SDU message segmentation/reassembiimgtion in the SSC#nay beapplied. In
this case allthe AAL-IDUs belonging to a single AAL-SDU are transferred ame or more
SSCSPDU.

i) An internal pipelining functiormay beapplied. It providegshe means bywhich the sending AAL
entity initiates the transfer to the receiving AAL entity before it has the complete AAL-SDU available.

iii) Where option i) is not used, all tiAL-IDUs belonging to a single AAL-SDU are transferred in one
SSCS-PDU. When the SSCS is null, #h&L-IDUs belonging to a single AAL-SDU are mapped to
one CPCS-SDU.

Summaries of the service mode and feature options are provided in Table 6-1 and Table 6-2.

TABLE 6-1/1.363

Combination of service mode and internal functions

AAL-SDU message segmentation AAL-SDU Pipelining
reassembly blocking/deblocking
in the SSCS in the SSCS
Message
Option 1 (0] N/A N/A
Option 2 N/A 0] N/A
Streaming (@) N/A (@)

Option 1  Long variable size SDUs
Option 2 Short fixed size SDUs

O  Optional

N/A Not Applicable

TABLE 6-2/1.363

Combination of service mode at the sender and receiver side

Receiver Sender
MM/Block MM/Seg SM
MM/Deblocking A N/A N/A
MM/Reassembly N/A A A
SM N/A A A

MM Message Mode
SM  Streaming Mode
A Applicable

N/A  Not Applicable

NOTE — An end-to-end specification of the SDU length in Message Mode with Blocking/Deblocking is neegded.
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Both modes of service may offer the following peer-to-peer operational procedures:
— Assured operations

Everyassured AAL-SDU is deliveredith exactlythe data content that the user sent. The assamite

is provided by retransmission of missing or corrupted SSCS-PDUs. Flow control is provided as a
mandatory feature. The assured operatitay berestricted to point-to-point ATM Adaptatiohayer
connections.

— Non-assured operations

Integral AAL-SDUsmay belost or corrupted. Losand corruptedAAL-SDUs will not be corrected by
retransmission. An optional featumgay beprovided to allow corrupted AAL-SDUs to be delivered to the
user (i.e. optional error discard). Flow control may be provided as an option.

6.1.1  Description of AAL connections

The AAL type 5 provideshe capabilities to transfer tiAL-SDU from one AAL-SAP to one other AAL-SAP through
the ATM network [see Figure 6.2a)]. TAAL userswill havethe capability to select a given AAL-SAP associateith
the QOS required to transport the AAL-SDU (for example, delay and loss sensitive QOS).

The AAL type 5 innon-assured operation providée capability to transfethe AAL-SDUs from one AAL-SAP tomore
than one AAL-SAP through the ATM network [see Figure 6.2b)].

The AAL type 5 makesise of theservice provided byhe underlying ATMIlayer [see Figuré.3]. Multiple AAL
connectionsmay beassociated with a single ATNayer connection, allowing multiplexing #te AAL; however, if
multiplexing is used in the AAL, it occurs in the SSCS. AAd. user selectshe QOS provided by th&AL through the
choice of the AAL-SAP used for data transfer.

6.1.2 Primitives

The functional model for AAltype 5 ascontained in Annex E shows the interrelation between the SAR, CPCS and
SSCS and the SAR and CPCS primitives.

6.1.2.1 Primitives for the AAL
These primitives are service specific and are contained in separate Recommendations on SSCS protocols.

The SSCS may be null, in the sense that it only provides for the mapping of the equivalent primitives of the AAL to CPCS
and vice versa. In this case, the primitives for the AAL are equivalent to thabe fOPCS (se6.1.2.2) but identified as
AAL-UNITDATA request,AAL-UNITDATA indication, AAL-U-ABORT request, AAL-U-ABORT indication and
AAL-P-ABORT-indication, consistent with the primitive naming convention at an SAP.

6.1.2.2 Primitives for the CPCS of the AAL

As there exists no Service Acce3sint (SAP) between thsublayers ofthe AAL type 5, the primitives are called
“invoke” and “signal” instead of the conventional “request” and “indication” to highlight the absence of the SAP.

6.1.2.2.1 Primitives for the data transfer service

These primitives are CPCS-UNITDATA invokend theCPCS-UNITDATA signal.They areusedfor the data transfer.
The following parameters are defined:

— Interface Data (ID)

This parameter specifidbe interface datanit exchanged between the CP@&d the SSCS entity. The
interface data is an integral multiple of one octet. If the CPCS entity is operating in the Message Mode
service,the Interface Data represents a complete CPCS-Siiién operating in the Streaming Mode
service, the Interface Data does not necessarily represent a complete CPCS-SDU.

—  More (M)

In the Message Modservice,this parameter isiot used. In the Streaming Modervice,this parameter
specifies whethethe Interface Data communicated containkegjinning/continuation of a CPCS-SDU or
the end of/complete CPCS-SDU.
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#AA'-‘SAFH AAL-SAP, AAL-SAP,
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o — 7 AAL Layer —
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ATM-SAP ATM-SAP underlying ATM
Layer service
ATM Layer

T1302280-93/d52
NOTES
1  If multiplexing is present at the AAL, it occurs in the SSCS.

2 How QOS at the AAL-SAP is mapped to the ATM-SAP QOS in the event of multiplexing in the
AAL is for further study.

FIGURE 6-3/1.363
Relation between AAL-SAP and ATM-SAP

— CPCS-Loss Priority (CPCS-LP)

This parameter indicatebe losspriority for the associated CPCS-SDU. It can takdy two values, one
for high priority and the othefor low priority. Theuse of thisparameter in Streaming Modefa further
study. This parameter is mapped to and from the SAR-LP parameter.

— CPCS Congestion Indication (CPCS-CI)

This parameter indicates whethhe associated CPCS-SDU has experienced congestion. The use of this
parameter in Streaming Mode figr further study. This parameter is mappedatw from the SAR-CI
parameter.

— CPCS User-to-User indication (CPCS-UU)

This parameter is transparently transportedti®y CPCS betweepeer CPCS users. The use of this
parameter in Streaming Mode is for further study.

— Reception Status (RS)

This parameter indicates that the associated CPCS-SDU delivered may be corrupted. This parameter is only
utilized if the corrupted datdelivery option isused. The use of thjzarameter in Streaming Mode is for
further study.

Depending on theervice mode (Message or Streamihgde service, discarding or delivery of errored information), not
all parameters are required. This is summarized in Table 6-3.

6.1.2.2.2 Primitives for the abort service

These primitives are used in the Streaming Mode service.
a) CPCS-U-ABORT invoke and CPCS-U-ABORT signal

This primitive isused by the CPCS userittvoke the abortservice. It is alsaused to signal to the CPCS
user that a partially delivered CPCS-SDU is to be discarded by instrdoionits peer entity. No
parameters are defined.

This primitive is not used in Message Mode.
b) CPCS-P-ABORT signal

This primitive is used by the CPCS entity to signal to its user that a partially delivered CPCS-SDU is to be
discarded due to the occurrence of some error in the CPCS or below. No parameters are defined.

This primitive is not used in Message Mode.
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TABLE 6-3/1.363

Parameters of the CPCS-UNITDATA

Parameter Type MM SM Comments
Interface Data (ID) Invoke m m Whole or partial CPCS-SDU
Signal m m
More (M) Invoke - m M = 0: end of CPCS-SDU
Signal - m M =1: not end of CPCS-SDU

CPCS - Loss Priority Invoke m FFS Mapped to and from the ATM layer’s CLP
(CPCS-LP) Signal m FFS field

CPCS-LP1: Low Priority

CPCS-LP0: High Priority
CPCS - Congestion Invoke m FFS Mapped to and from the ATM layer’s
Indication (CPCS-CI) Signal m FFS | congestion indication parameter,

CPCS-C¥1: congestion

experienced;

CPCS-C#0: no congestion experienced
CPCS — User-to-User Invoke m FFS Transparently transported by the CPCS
Indication (CPCS-UU) Signal m FFS
Reception status Invoke - - Indication of corrupted data
(RS) (Note 1) Signal m FFS
MM Message Mode service
SM  Streaming Mode service
FFS The use of these parameters in Streaming Mode is for further study
m Mandatory
- Not présent
NOTE — Not present if the corrupted data delivery option is not supported.

6.1.2.3 Primitives for the SAR sublayer of the AAL
These primitives model the exchange of information between the SAR sublayer and the CPCS.

As there exists no Service Acce3sint (SAP) between thsublayers ofthe AAL type 5, the primitives are called
“invoke” and “signal” instead of the conventional “request” and “indication” to highlight the absence of the SAP.

6.1.2.3.1 Primitives for the data transfer service

These primitives are SAR-UNITDATA-invokand theSAR-UNITDATA signal They areusedfor the data transfer. The
following parameters are defined:

— Interface Data (ID)

This parameter specifighe Interface Dataunit exchanged between the SARd the CPCS entity. The
Interface Data is an integral multiple of 48 octets. The Interface Datandbasecessarily represent a
complete SAR-SDU.

- More (M)
This parameter specifies whether the Interface Data communicated contains the end of the SAR-SDU.
—  SAR-Loss Priority (SAR-LP)

This parameter indicates the loss priority for the associated SAR Interface Data. It can take only two values,
one for high priority, and the otherfor low priority. This parameter is mapped toe ATM layer's
Submitted Loss Priority parameter and from the ATM layer's Received Loss Priority parameter.

Recommendation 1.363  (11/93) 43



— SAR-Congestion Indication (SAR-CI)

This parameter indicates whethtie associated SARterface Datahas experienced congestion. This
parameter is mapped to and from the ATM layer's Congestion Indication parameter.

6.2 Interaction with the management and control plane

6.2.1  Management plane

For further study.

6.2.2  Control plane

For further study.

6.3 Functions, structure and coding of AAL type 5
6.3.1  Segmentation and Reassembly (SAR) sublayer

6.3.1.1 Functions of the SAR sublayer

The SAR sublayer functions aperformed on an SAR-PDU basis. TBAR sublayer acceptariablelength SAR-SDUs
which are integral multiples of 48 octdtem the CPCS andjenerates SAR-PDUs containing 48 octets of SAR-SDU
data.

a) Preservation of SAR-SDU
This function preserves the SAR-SDU by providing for an “end of SAR-SDU” indication.
b) Handling of congestion information

This function providedor the passing of congestion information between |#yers abovethe SAR
sublayer and the one below in both directions.

¢) Handling of loss priority information

This function providedor the passing of cell logsriority information betweethe layers abovehe SAR
sublayer and the one below in both directions.

6.3.1.2 SAR-PDU structure and coding

The SAR sublayer function utilizes the ATM-layer-user to ATM-layer-user (AUU) parametee &fTM layer primitives

(the relationship between the AUtdrameteand theATM layer PTI encoding is defined in 2.2.4/1.361) to indicate that

an SAR-PDU contains the end of an SAR-SDU. An SAR-PDU where the value of the AUU parameter is “1” indicates the
end of an SAR-SDU; the value of “0” indicates the beginning or continuation of an SAR-SDU. The structur@ARRthe

PDU is illustrated in Figure 6-4.

Cell Header IpTI SAR-PDU Payload

SAR-PDU
< <

T1300090-93/d53
PT = Payload Type

NOTE — The Payload Type field belongs to the ATM header. It conveys the value of the AUU parameter
end-to-end.

FIGURE 6-4/1.363
SAR-PDU format for the AAL type 5
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6.3.2  Convergence Sublayer (CS)

6.3.2.1 Functions, structure and coding for the CPCS

The CPCS has the following service characteristics.

— Non-assured data transfer of user degmeswith anylength measured in octefiom 1 to 65535 octets.
In addition, an independent octet of user-to-user information per frame is transferred.

— The CPCS connection will be established by management or by the control plane.
—  Error detection and indication (bit error or cell loss or gain).

— CPCS-SDU sequence integrity on each CPCS connection.

6.3.2.1.1 Functions of the CPCS

The CPCS functions are performed per CPCS-PDU. The @R&&les several functions in supportioé CPCSservice
user. The functions provided depend on whether the CPCS service user is operating in Message or Streaming Mode.

i) Message Mode serviceThe CPCS-SDU is passed across the CPCS interfaoeadatly one CPCS-IDU.
This service provides the transport of a single CPCS-SDU in one CPCS-PDU.

i) Streaming Modeservice— The CPCS-SDU is passed across the GiR@8&ace in one omore CPCS-
IDUs. The transfer ofthese CPCS-IDUs acrosise CPCS interfacenay occur separated in time. This
service provideshe transport of all th€ PCS-IDUs belonging to a single CPCS-Sbitb one CPCS-
PDU. An internal pipelining function in the CP@&y beapplied whichprovidesthe means bywhich the
sending CPCS-entity initiates the transfer to the receiving @?@% before ithas thecomplete CPCS-
SDU available. The Streaming Mode seniitdudes an abogervice bywhich the discarding of a CPCS-
SDU partially transferred across the interface can be requested.

NOTE — Atthe sending sideparts of theCPCS-PDU may have to be bufferedth restriction (“Interfacéata are a
multiple of 48 octets”, see 6.3.1.1) cannot be satisfied.

The functions implemented by the CPCS include:
a) Preservation of CPCS-SDU
This function provides for the delineation and transparency of CPCS-SDUSs.
b) Preservation of CPCS user-to-user information
This function provides for the transparent transfer of CPCS user-to-user information.
c) Error detection and handling

This function providegor the detection and handling of CPCS-PDU corruption. Corrupted CPCS-SDUs
are either discarded or are optionally delivered toSBES. The procedurder delivery of corrupted
CPCS-SDUs are for further studwhen delivering errorednformation to the CPCS user, an error
indication is associated with the delivery.

Examples of detected errorgould include:received lengthand CPCS-PDU Length fieldhismatch
including buffer overflow, and improperly formatted CPCS-PDU and CPCS CRC errors.

d) Abort

This function provides for the means to abort a partially transmitted CPCS-SDU. This function is indicated
in the Length field.

e) Padding
A padding function provides for 48 octet alignment of the CPCS-PDU trailer.
f)  Handling of congestion information

This function providedor the passing of congestion information betweenlalers abovehe CPCS and
the one below in both directions.
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9)

Handling of loss priority information

This function providesor the passing of cell loggriority information betweethe layers abovehe CPCS
and the one below in both directions.

Other functions are for further study.

6.3.2.1.2 CPCS structure and coding

The CPCS functions require an 8 octet CPCS-PDU trailer. The CPCS-PDU traileays located ihe last 8 octets of

the last SAR-

PDU of the CPCS-PDUherefore, a padding field providésr a 48-octet alignment aghe CPCS-PDU.

The CPCS-PDU trailer together with the padding fetdl the CPCS-PDlgayload compris¢he CPCS-PDU. The sizes

and positions

of fields for the CPCS-PDU structure are given in Figure 6-5.

CPCS-PDU

CPCS-PDU payload (CPCS-SDU) PAD ater

CPCS-UU CPI Length CRC

CPCS-PDU trailer

A

CPCS-PDU
T1300100-93/d54
PAD Padding (0 ... 47 octets)
CPCS-UU CPCS User-to-User Indication (1 octet)
CPI Common Part Indicator (1 octet)
Length Length of CPCS-SDU (2 octets)
CRC Cyclic Redundancy Check (4 octets)

FIGURE 6-5/1.363
CPCS-PDU Format for the AAL type 5

The coding of the CPCS-PDU conforms to the coding conventions specified in 2-1/1.361.

a)

b)

c)

CPCS-PDU payload

The CPCS-PDU payload issed tocarrythe CPCS-SDU. This field is octet alignadd can rangéom
1 to 65 535 octets in length.

Padding (PAD) field

Between the end of the CPCS-Ppbyloadand the CPCS-PDU trailer, there will fiem 0 to 47unused
octets. These unused octets are called the Padding (PAD) field; they areustedtlys filler octetand do

not convey any information. Angoding is acceptable. This padding figldmplementshe CPCSPDU
(including CPCS-PDU payload, padding field, and CPCS-PDU trailer) to an integral multiple of 48 octets.
The function of the PAD field is shown in Figure 6-6.

CPCS User-to-User indication (CPCS-UU) field

The CPCS-UU field is used to transparently transfer CPCS user-to-user information.
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Multiple of 48 octets 48 octets

A

CPCS — CPCS trailer
Payload
PAD = 1 octet
T O O B A
(Fiapy(lzi d - CPCS trailer
PAD = 0 octet
T A O I I I
CPCS —» PAD PAD i
Payload 8 CPCS trailer
PAD = 7 + 40 octets T1300110-93/d55
PAD | PAD field
FIGURE 6-6/1.363
Examples of the PAD field function
d) Common Part Indicator (CPI) field
One of the functions of th€PIfield is to align the CPCS-PDU trailer to 64 bits. Other functions are for
further study. Possible additional functiomgy include identification oflayer management messages.
Whenonly the 64-bit alignment function is used, this field shall be coded as zero. Other codings are for
further study.
e) Length field
The Length field is used to encode the length of the CPCS{RYldad field. The Length field value is
also used by the receiver to detect the loss or gain of information.
The length is binary encoded as humber of octets.
A Length field coded as zero is used for the abort function.
f) CRC field

The CRC-32 is used to detect bit errors in the CPCS-PDU.

The CRC field is filled with thealue of a CRC calculatiowhich isperformed ovethe entire contents of
the CPCS-PDU, including the CPCS-PDdayload,the PAD field, and thdfirst four octets of the
CPCS-PDU trailer. The CRC field shall contain the ones complement of the sum (modulo 2) of:

1) the remainder of’%C(x31+ x30+ ...x+ 1) divided (modulo 2) by the generapmiynomial, where k is
the number of bits of the information over which the CRC is calculated; and

2) the remainder of the division (modulo 2) by the genenadtynomial ofthe product of %2 by the
information over which the CRC is calculated.

The CRC-32 generator polynomial is:

G(X):X32+ X26+ X23+ X22+ Xl6+ X12+ Xll+ X10+ X8+X7+X5+X4+X2+X+ 1
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The result of the CRC calculation is placed with the least significant bit right justified in the CRC
field.

As a typical implementation ahe transmitter, the initial content of the register of tewice
computing the remainder of the division is preset t¢lat and is thermodified by division by the
generator polynomial (as described above) on the informationahieh the CRC is to be calculated;
the ones complement of the resulting remainder is put into the CRC field.

As a typical implementation #te receiver the initial content of the register of tdevice computing
the remainder of the division is preset to all “1s”. The final remairadier, multiplication by %2 and
then division (modulo 2) by the generapmlynomial ofthe serial incoming CPCS-PDU, will be (in
the absence of errors):

C(X) = X381+ x30+ x26 + x25+ 524 4 x18.4 X154 x 144 5124 y114 5104 381 61 x5+ x4+ 334+ x + 1

An example of the CRC calculation is given in Appendix Ill.

6.4 Procedures

6.4.1  Procedures for the SAR sublayer

The structure and coding of the SAR-PDU is defined in 6.3.1.2.

6.4.1.1 State variables of the SAR sublayer at the sender side

The SAR sender maintains no state variables.

6.4.1.2 Procedures of the SAR sublayer at the sender side

The state machine of the SAR sender is shown in Figure 6-7.

SAR-UNITDATA invoke

T1300120-93/d56

FIGURE 6-7/1.363
State transition diagram for the SAR sender

Table 6-4 defines the state for the SAR sender.

TABLE 6-4/1.363
State definition for the SAR sender

State Definition

IDLE

Waiting to begin or continue to transmit a SAR-SDU
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1) Upon receiving a SAR-UNITDATA invoke primitiveom the CPCS, the SAR sender shall start the
segmenting process. If the interface data has a lengtlorefthan 48 octets, the SAR sender \giinerate
morethan one SAR-PDU. In all SAR-PDUs, the SAR-PP&yload fieldshall be filled with 48 octets of
CPCS-PDU information.

2) If the Moreparameter irthe SAR-UNITDATA invoke primitivehas thevalue“0”, the SAR sender shall
set the AUUparameter irthe ATM-DATA request primitivefor the last SAR-PDU generatdm the
interface data t01”; in all other cases (i.e. the Morparameter hathe value“1” or the ATM-DATA-
request primitive doesot contain the last data generafeain the interface data), it shall set the AUU
parameter to “0”.

3) InallATM-DATA request primitivesthe “Submitted CLP’and “Congestionindication” parameters shall
be set to thesame value ashe SAR-LP and SAR-CI parameters, respectively, ihe received
SAR-UNITDATA invoke primitive.

6.4.1.3 State variables for the SAR sublayer at the receiver side
The SAR receiver maintains no state variables.

6.4.1.4 Procedures of the SAR sublayer at the receiver side

The state machine of the SAR receiver is shown in Figure 6-8.

ATM-DATA indication

T1300130-93/d57

FIGURE 6-8/1.363
State transition diagram for the SAR receiver

Table 6-5 defines the state for the SAR receiver.

TABLE 6-5/1.363

State definition for the SAR receiver

State Definition

IDLE Waiting to begin or continue to receive a SAR-SDU

1) Upon receipt of an ATM-DATAnNdication primitive the 48 octet SAR-PD\gayload issent to the CPCS.
If the AUU parameter irthe ATM-DATA indication primitive is set td‘1”, the More parameter is set to
“0"; otherwise, the More parameter is set to “1”.
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2) Inall SAR-UNITDATA signal primitivesthe SAR-Cl and theSAR-LP parameters shall be sethe same
value asthe “Congestion Indicationand the“Received Loss Priority” parameters, respectively, in the
received ATM-DATA indication primitive.

6.4.2  Procedures of the CPCS for the message mode service
The structure and coding of the CPCS-PDU is defined in 6.3.2.1.2.
6.4.2.1 State variables of the CPCS at the sender side

The CPCS-sender maintains no state variables.

6.4.2.2 Procedures of the CPCS at the sender side

The state machine of the CPCS sender is shown in Figure 6-9.

CPCS-UNITDATA invoke

T1300140-93/d58

FIGURE 6-9/1.363
State transition diagram for the CPCS sender

Table 6-6 defines the state for the CPCS sender.

TABLE 6-6/1.363

State definition for the CPCS sender

State Definition

IDLE Waiting to transmit a new CPCS-SDU

Upon reception of a CPCS-UNITDATA invoke primitive, the CPCS-PDU is constructed as described in 6.3.2.1.2, and the
CPCS-PDU is passed to the SABRblayer in a SAR-UNITDATA invoke primitivevith the Moreparameter set tt0".

The SAR-LPand theSAR-CI parameters are setttee value ofthe CPCS-LP and thePCS-CI parameters, respectively,

of the CPCS-UNITDATA invoke primitive. The CPCS-UU field is assigned the value of the CPCS-UU parameter.

6.4.2.3 State variables of the CPCS at the receiver side

The CPCS receiver maintains the following state variable:

— rev_LP
The rcv_LP variable is initially set to zero. If any SAR-LP parameter is set tdtoseariable is set to
one. Itis used to set the CPCS-LP parameter in the CPCS-UNITDATA signal primitive.
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6.4.2.4 Procedures of the CPCS at the receiver side

The following procedures are specified for a CRE€&iverthat does not deliver errored data to the receiving CPCS user.
Optional delivery of errored information is for further study.

The CPCS receiver maintains the following parameter:
— Max_SDU_Deliver_Length

This parameter indicatdhe maximumsize SDU, in octets thahay bedelivered to a CPCS user. At a
receiver,the value ofthis parameter is compared tioe length of each CPCS-SD¢fore it is delivered.

Any CPCS-SDUs that have a length greater than Max_SDU_Deliver_Length are discarded and the event is
reported to Layer Management. This parameter can take on any integer value from 1 to 65 535 and is set by
the management plane.

The state machine of the CPCS receiver is shown in Figure 6-10.

SAR-UNITDATA signal
timer expiry

T1300150-93/d59

FIGURE 6-10/1.363
State transition diagram for the CPCS receiver

Table 6-7 defines the state of the CPCS receiver.

TABLE 6-7/1.363

State definition for the CPCS receiver

State Definition

IDLE Waiting to begin or continue to receive a CPCS-SDU

NOTE — This procedure description may copy up to 47 octeatedfAD field intothe reassembly buffer before processing
the CPCS-PDU trailer.

1) When the CPCSeceiver receives a SAR-UNITDATAignal primitivefrom the SAR sublayer, it shall
copy the interface data to theassembly buffer. the SAR-LPparameter is set to onae variable rcv_LP
is also set to one.

2) If the More parameter of the SAR-UNITDAT#gnal primitive is‘1” and thereceived number of octets in
the reassembly buffer ofthe CPCS-SDU is greaterthan the value of the parameter
“Max_SDU_Deliver_Length” plus 7, the CPQ8ceiver shall discardny information inthe reassembly

buffer.
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3)

4)

5)

6)

7

8)

9)

10)

11)

If the Moreparameter ofthe SAR-UNITDATA signal primitive is‘0”, the last eighioctets of the interface
data represent the CPCS-PDU trailer. If the CRC calculatisformed ornthe completeCPCS-PDU as
specified in 6.3.2.1.2 and the value in the CRC field indicate the presence ofaryairsprmation in the
reassembly buffer shall be discarded.

If the value in the CPI field is not valid, any information in the reassembly buffer shall be discarded.

If the Length field of the CPCS-PDU trailer is coded as zero, any information in the reassemblghaliffer
be discarded.

The Length field of the CPCS-PDU trailer is used to determine the length of the PAD field (length of
received CPCS-PDU minus eigimd minus the content of the Length field). If the PAD fieldbigger

than 47 octets or not enough data has lyeeaived, any information ithe reassembly buffeshall be
discarded.

After the receipt of @AR-UNITDATA signal primitivewith the Moreparameter set tt)” and the data
has not been discardeah)y CPCS-SDUlata in theeassembly buffeshall be delivered to the CPCS user
via a CPCS-UNITDATAsignal primitive. The CPCS-LP parameséiall be set to thealue ofthe variable
rcv_LP. The CPCS-CI parametghall be set to thealue ofthe SAR-CI parameter receiveslith the last
SAR-UNITDATA signal primitive. The CPCS-UU parametdall be set to thgalue ofthe CPCS-UU
field of the CPCS-PDU trailer. Data that is delivered is removed from the reassembly buffer.

Whenever informatiofrom the reassembly buffer is delivered discarded, the@ariable rcv_LP is reset to
zero.

If a reassembly timer is supported, the following procedures apply:

When the CPC®eceiver receives a SAR-UNITDATAignal primitivefrom the SARsublayerwith the
More parameter set to “1”, the reassembly timer shall be (re)started.

When the CPC&ceiver receives a SAR-UNITDATAignal primitivefrom the SARsublayerwith the
More parameter set to “0”, the reassembly timer shall be stopped.

If the timer expires, the CPCS receiver shall discard any information in the reassembly buffer.

Other reassembly timer procedures are for further study.

NOTE — The timer value is not specified in this Recommendation.

6.4.3  Procedures for the CPCS for the Streaming Mode service

For further study.

6.4.4  Summary of parameters and values for an AAL type 5 connection

The information in Table 6-8 must be known at AAL type 5 connection establishment.

TABLE 6-8/1.363

Parameters and options for the AAL type 5

Significance Option/parameter Value/Range
Peer-to-peer Max_SDU_Deliver_Length 1 to 65 535 octets
Local Corrupted SDU delivery Nolyes
(receiver) Use and value of reassembly timer No/yes-and value
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Annex A

Details of the data unit naming convention

(This annex forms an integral part of this Recommendation)

Details of the data unit naming convention are given in Figures A.1 to A.3.

AAL-SAP
A

AAL-SDU
Convergence 8
sublayer (CS) CS-PDU ! CS-PDU
header CS-PDU payload trailer
< CS-PDU > ij
No SAP defined between CS and SAR
Segmentation SAR-PDU SAR-PDU SAR-PDU
] x
and reassembly (SAR) header payload trailer %
sublayer
< SAR-PDU >
ATM-SAP v
A
ATM-SDU
ATM E
layer <
Cell Cell information field
header (cell payload)
P ATM-PDU = Cell g
~ »
v
T1817750-92/d21
NOTES

1  ATM adaptation layer-protocol control information (AAL-PCI) consists of the SAR-PDU Header,
CS-PDU header, CS-PDU trailer, and SAR-PDU trailer.

2 The figure is to indicate the naming of the AAL data units only. It is not implied that all fields are
present in all cases. See Annex D for a list of abbreviations.

FIGURE A.1/1.363
General data unit naming conventions
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St

AAL-SDU
Service specific (Note 2)
convergence SSCS-PDU SSCS-PDU
sublayer (SSCS) header SSCS-PDU payload trailer

SSCS-PDU

v

A

Common part

No SAP defined between SSCS and CPCS

convergence
sublayer (CPCS)

CPCS-SDU
CPCS-PDU CPCS-PDU
header CPCS-PDU payload trailer
< CPCS-PDU >

No SAP defined between CPCS and SAR

Segmentation SAR-PDU SAR-PDU SAR-PDU
and reassembly (SAR) header payload trailer
Sublayer
< SAR-PDU >
Q ATM-SAP
ATM-SDU
ATM
layer
Cell Cell information field
header (cell payload)

< ATM-PDU = Cell -

- »
NOTES

1  The figure is to indicate the naming of the AAL data units only. It is not implied that all fields are
present in all cases. See Annex D for a list of abbreviations.

2 The exact structure of the SSCS-PDU is for further study.

FIGURE A.2/1.363

Data unit naming conventions of the ALL type 3/4
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AAL-SDU

AAL-IDU AAL interface
H T
o SSCS-PDU (¥)
\ )
a) Message mode service
AAL-SDU AAL-SDU e o o o o o o AAL-SDU
[ ] [ L] [ J [ [ J [ .
AAL-IDU AAL-IDU AAL-IDU AAL interface

H T
L SSCS-PDU (%)
< >

b) Message mode service plus blocking/deblocking internal function

AAL-SDU

AAL-IDU AAL interface
H T H T e o o o o H T
E SSCS-PDU (¥) ; E SSCS-PDU (%) ; E SSCS-PDU (*) ;

T1817770-92/d23

¢) Message mode service plus segmentation/reassembly internal function

FIGURE A.3/1.363 (sheet 1 of 2)

Message and streaming mode of service at the AAL type 3/4 interface combined with
blocking/deblocking or segmentation/reassembly internal function
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AAL-IDU AAL-IDU AAL-IDU AAL-IDU AAL-IDU AAL interface

SSCS-PDU ()

\ 4

A

d) Streaming mode service

AAL-SDU
AAL-IDU AAL-IDU AAL-IDU AAL-IDU AAL-IDU AAL-IDU AAL interface
H T H T |e of H T
¢ SSCS-PDU (*) . e SSCS-PDU (¥) > e SSCS-PDU (*) .

T1817780-92/d24

e) Streaming mode service plus segmentation/reassembly internal function

(*) The structure of the SSCS-PDU is for further study.

FIGURE A.3/1.363 (sheet 2 of 2)

Message and streaming mode of service at the AAL type 3/4 interface combined with
blocking/deblocking or segmentation/reassembly internal function
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Service Specific
Convergence
Sublayer (SSCS)

Common Part
Convergence
Sublayer (CPCS)

Segmentation
and Reassembly (SAR)
Sublayer

ATM
Layer

AAL-SAP

AAL-SDU

SSCS-PDU SSCS-PDU SSCS-PDU
Header payload trailer
(If present) (If present)

SSCS-PDU

No SAP defined between SSCS and CPCS

CPCS-SDU
CPCS-PDU payload CPCS-PDU
trailer
CPCS-PDU

No SAP defined between CPCS and SAR

SAR-PDU
payload

SAR-PDU

AUU

4
v

ATM-SAP

ATM-SDU

Cell Cell information field
header (Cell payload)

ATM-PDU = Cell

AUU

A
v

FIGURE A.4/1.363

Data unit naming conventions for the AAL type 5

SSCS

CPCSs

SAR

AAL

ATM

v
T1302290-93/d60
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Annex B

General framework of the AAL type 3/4
(This annex forms an integral part of this Recommendation)

This annex provides a description of the general framework of the AAL type 3/4 including SAR and CPCS PDU formats.

B.1 Message segmentation and reassembly

Figure B.1provides a generic interpretation tife segmenting of anessageinto beginning ofmessage(BOM),
continuation of message (COM) and endnaissagéEOM). Shortmessages are represented as a single segmesage
(SSM).

SAR-SDU (message)

BOM
“segment”

COM
“segment”

“ coM " e o o o . EOM "
segment 'segment

T1817790-92/d25

FIGURE B.1/1.363
Message segmentation and reassembly

B.2 PDU headers, trailers and terminology
Figure B.2 builds on the generic view of message segmentation of Figure B.1 to incorporate the relevant PDU headers and

trailers andappropriate terminology othe basis of BOM, COMand EOM which is of particularelevance to the
combined SAR and CPCS-PDU formats of Figure B.3
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CPCS-SDU

- D _
CPCS-PDU CPCS-PDU payload g|cPesPDU
header [ trailer
< ; CPCS-PDU >
BOM o~ ‘ >
SAR-PDU | SAR-PDU
header SAR-PDU payload trailer
<————SARPDU——— >
com | SARPDU | s ppU payload | SARPDY
header trailer
< ————SARPDU———— >
SAR-PDU SAR-PDU
COM | >\ Coder SAR-PDU payload wailer
: SARPDU — >
‘ |
SAR-PDU SAR-PDU
EOM | | cader SAR-PDU payload wailes
< ————SARPDU——— >
ATM-SDU
Cell . o
header Cell information field
( ATM-PDU = Cell ) T1817800-92/d26

FIGURE B.2/1.363
PDU headers, trailers, and terminology

B.3 SAR and CPCS format

Figure B.3 illustrates the combined SAR and CPCS PDU format on a segment by segment basis.

The definition of the encoding and functions associated with the fields is described in 4.3.1.2 and 4.3.2.1.2.
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BOM SAR-PDU
8 7,6 5 4 3 2 1
1 0 SN MSB 1 } SAR-PDU
MID LSB | 2 header
CPI 3 4
, , ,  Btag 4 CPCS-PDU
MSB ‘ ' ' ' ' 5 header
— BAsize —
LSB | 6
A
<
<
1
3
SAR-PDU payload ;CE»
used for s
CPCS-PDU payload p
VY
LI MSB 47 SAR-PDU
CRC LSB |48 trailer
EOM SAR-PDU
8 7,6 5 4 3 2 1
o 1 SN mMsB |1 SAR-PDU
MID LSB |2 header
A
s
SAR-PDU payload =4
used for &
CPCS-PDU payload
PAD 3
AL n-3
M B CPCS-PDU
SB — trailer
— Length |t
LSB | n-0 v
Unused
LI MSB |47 SAR-PDU
CRC LSB |48 trailer
ST  Segment type Btag Begin tag
SN  Sequence number Etag Endtag
MID Multiplexing identification BAsize Buffer allocation size
LI Length indicator AL Alignment

CRC Cyclic redundancy check
CPlI Common part indicator
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COM SAR-PDU
8 7,6 5 4 3 2 1
0O O SN MSB 1
MID LSB| 2
A
SAR-PDU payload '*,_-E,,
used for S
CPCS-PDU payload p
vy
LI MSB 47
CRC LSB |48
SSM SAR-PDU
8 7,6 5 4 3 2 1
1 1 SN MSB 1
MID LSB| 2
CPI 3 4
, ,  Beg 4
Msé T T \. T T T 5
—— BAsize —
LSB| 6
SAR-PDU payload s
used for 2
CPCS-PDU payload g
PAD
AL n-3
Il Il Et\ag Il Il Il r’_z
VR } ‘ } } } 1
— Length ——
LSB|n-0 \
v
Unused
LI MSB 47
CRC LSB| 48

A

}

LI=44

}
1

LI

i

T1817810-92/d27

Length CPCS-PDU payload length

FIGURE B.3/1.363
Combined SAR and CPCS-PDU format

SAR-PDU
header

SAR-PDU
trailer

SAR-PDU
header

CPCS-PDU
header

CPCS-PDU
trailer

SAR-PDU
trailer



B.4 Relation of the MID field to the SN field and Btag/Etag fields

As an examplethe following FigureB.4 illustrates thepossible relation of th#ID field values tothe SN field and
Btag/Etag field values for the AAL type 3/4.

Btag _ Btag _
Etag % Etag =x+1
MID=j| SN-a |SN-a+1|SN-a+2 SN-a+3|SN-a+4|SN-a+5|SN-a+6 |SN-a+7|SN-a+8
Btag _ Btag _
Etag Etag
MID = SN-b |[SN-b+1|SN-b+2|[SN-b+3 SN-¢ |SN-c+ 1| SN-c+2|SN-c+3
Btag _ Btag _ Btag _ Btag _
Etag =z Etag_z+l Etag =z+2 Etag =z+3
MID = k SN-d SN-e |SN-e+1 SN-f | SN-f+1 SN-g

- » Time T1817820-92/d28

NOTE — Modulo 16 and modulo 256 apply to determine the SN field and the Btag/Etag fields.

FIGURE B.4/1.363

The relation of MID field values to the SN field and
Btag/Etag field values for AAL type 3/4

B.5 Examples of the segmentation and reassembly process

The Figure B.5 showschematically a successful segmentatinodreassembly of €PCS user PDU imessage mode. In
Figure B.6, a SAR-PDU is assumed lost due to a transmission error, hence, the reassembly cannot be completed.
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CPCS-UNITDATA-invoke

CPCS ‘

AddCPCS | | Add PAD field
header — Add CPCS traler
— —

—

SAR-UNITDATA-invoke
SAR ¢
L 1]
L1 [ ]
- >
-
ﬁ:g dsefR | ] | ] Add SAR trailer
—~
O N
SAR-PDU — —
) HEIE
| ] ] | ] SAR-PDU -~
v COM
| ] | | SAR-PDU
EOM
[ — v SAR-PDU
Strip SAR header | | | | . .
Strip SAR trailer
e—  o—
v
HEIn | |
(—p—
SAR-UNIT- SAR-UNIT- SAR-UNIT- | SAR-UNIT-
l DATA signal i DATA signal iDATAsignalL DATA signal
CPCS
| | | ]
L 1]
— m— Strip PAD field
Strip CPCS header ‘ Strip CPCS trailer
L T1817830-92/d29

CPCS-UNITDATA-signal

FIGURE B.5/1.363
Successful segmentation and reassembly of a CPCS user PDU
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CPCS-UNITDATA-invoke

CPCS v
Add CPCS | | Add PAD field
header| | Add CPCS trailer
— R
—
SAR-UNITDATA-invoke
SAR v
L [l ]
L1 [
o s
A
Add SAR _
header | | | | Add SAR trailer
A — _—
Y
BOM [ N
SAR-PDU - > -’
v CcoM | ‘ || | | |
‘ | | | | SAR-PDU A - -
A4 COM
| | | | SAR-PDU
EOM
— >< SAR-PDU
Strip SAR header SN field
sequence Strip SAR trailer
error
BN | ]
SAR-UNITDATA SAR-UNITDATA |  SAR P-Abort
CPCS l signal signal i signal

,,,,,,,,,,,,

T1817840-92/d30

FIGURE B.6/1.363
Segmentation and unsuccessful reassembly of a CPCS user PDU
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Annex C

Functional model for the AAL type 3/4
(This annex forms an integral part of this Recommendation)

For theAAL type 3/4, thefunctionality of the SSC#ayprovide only forthe mapping ofthe equivalenprimitives of the
AAL to the CPCS andice versa. ThesSCSmay also implement functionsuch as assured data transfer, &ach
functions, however, are not shown in the following figures.

The functional model of the AAL type 3/4 at the sender side is shown in Figur&h@.inodel consists of several blocks
that cooperate to providehe AAL type 3/4 services. Each SARind CPCSblock that are paired represent one
segmentation state machine.

The interleaver allocates tlailable bit rate ofhe ATM connection to the SAR-PDUs generated by the segmentation
state machines according to some internal policy.

The functional model ofthe AAL type 3/4 at thereceiver side is shown in Figu22. The model consists of several
blocks that cooperate to providéhe AAL type 3/4 services. Each SARnd CPCSblock that are paired represnet one
reassembly state machine. THispatcher (R_DSP) routes thgimitives from the ATM layer to the appropriate
reassembly state machine based on the value of the MID field within the SAR-PDU.

NOTE — Layer management interactions require further study.
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Plane management
Layer management

AAL-CEP

AAL-SAP
e o A
A
\ N
» | - h "
> 1 9 O
1 a = !
SSCS a S
= CPCS-UNITDATA-invoke
CPCS-U-Abort-invoke v
A
(%]
(®]
o
(]
c
2N
CPCS c 5 g
2 x g7 $ 0O |SAR-UNITDATA-invoke
g Sa 5= |SAR-U-Abort-invoke |,
e HEE I 3
s g =
(=2} wn (=]
D = w—
n e
SAR
2
<
wn
Interleaver
ATM-DATA-request
ATM-CEP v
ATM-SAP v il

T1817850-92/d31

FIGURE C.1/1.363
Functional model for the AAL Type 3/4 (Sender side)
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AAL-CEP

AAL-SAP

z
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Functional model for the AAL Type 3/4 (Receiver side)
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AAL
AAL-IDU
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Annex D

Alphabetical list of abbreviations used in this Recommendation

(This annex forms an integral part of this Recommendation)

ATM adaptation layer
AAL interface data unit
AAL service data unit
ATM service data unit
Beginning of message
Continuation of message
Common part convergence sublayer
CPCS protocol data unit
CPCS service data unit
Cyclic redundancy check
Convergence sublayer
CS protocol data unit
Convergence sublayer indication
End of message
Forward error correction
Least significant bit
More
Multiplexing identification

Most significant bit

Operation Administration maintenance

Residual time stamp

Service access point

Segmentation and reassembly sublayer

SAR protocol data unit

SAR service data unit

Structure data transfer

Sequence number protection
Synchronous residual time stamp

Service specific convergence sublayer
SSCS protocol data unit

Single segment message
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Annex E
Functional model for the AAL type 5

(This annex forms an integral part of this Recommendation)

For theAAL type 5, the functionality of the SSC®ay provide only forthe mapping ofthe equivalenprimitives of the
AAL to the CPCS andgice versa. Ornthe other hand, the SSG&yimplement functionsuch as assured data transfer.
Such functions, however, are not shown in the Figures E.1 and E.2.

The functional model ahe AAL type 5 atthe sender side is shown in Figure E.he model consists of several blocks
thatcooperate to providthe AAL type 5 service. Th&AR and CPC®locksthat are paired represent the segmentation
state machine.

The functional model ahe AAL type 5 atthereceiver side is shown in FiguEe2. The model consists of several blocks
that cooperate to providthe AAL type 5 service. Th68AR and CPC3locksthat are paired represent theassembly
state machine.

NOTE — Layer management interactions require further study.

AAL—CEP/)TQL—SAP
A A
l 2}
O
N
sscs CPCS-UNITDATA invoke ”
CPCS-U-ABORT invoke
A
b= e v
Q (3]
5| 5 0
g B O
] o n
é é SAR-UNITDATA invoke © g
= 2 CPCS
8| & S
o — bl
c A
Q A
£
g
n
SAR
ad
<
0
ATM-CEP ATM-DATA request
ATM-SAP
A, A,
«_*
T1300160-93/d61

FIGURE E-1/1.363
Functional model for the AAL type 5 (sender side)
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AAL-CEP AAL-SAP

CPCS-UNITDATA signal
CPCS-U-ABORT signal
CPCS-P-ABORT signal

SSCS

SAR-UNITDATA signal

>

CPCS

AAL

ATM-DATA indication
ATM-SAP

>l

SAR

sscs
A
| ¢
Q [}
5| &
g &
8| &
2 = CPCS
5| % &)
2 — - g
(7]
@
(]
o
SAR
ATM-CEP)£
v

T1300170-93/d62

NOTE — Concerning the SSCS, the functional model is an example only. Possible functions in the
SSCS (i.e. multiplexing) are not shown. The SSCS is specified in other Recommendations.

FIGURE E-2/1.363
Functional model for the AAL type 5 (receiver side)
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Annex F

General framework of the AAL type 5

(This annex forms an integral part of this Recommendation)

This annex provides a description of the general framework of the AAL type 5 including SAR and CPCS PDU formats.

F.1 Message segmentation and reassembly

Figure F.1 provides a generic interpretation of the segmenting of a SARfB&idageinto SAR-PDUs where the AUU
bit in the header of the associated ATM-SDU is set to “0” and the last SAR-PDU where the AUU bit is set to “1".

SAR-SDU (Message)

A,
/\/

AUU=0
“segment”
AUU =0
“segment”
AUU=0 e o o o AUU =1
“segment” “segment”
T1302300-93/d63
FIGURE F-1/1.363
Message segmentation and reassembly
F.2 PDU headers, trailers and terminology

Figure F.2 builds on the generic view of message segmentation of Figure A.1 to incorporate the relevant PDU headers and
trailers and appropriate terminology on the basis of the AUU bit being set to “D”.or

F.3 Examples of the segmentation and reassembly process

Figure F.3 shows schematically a successful segmentation and reassembly of a CPCS user PDU in message mode.
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<4——SAR-PDU——p
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0

SAR-PDU Payload
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AUU SAR-PDU Payload
0
riSAR— PDU——p
| AUU SAR-PDU Payload
‘ 1
| riSAR—PDUH
ATM-SDU
Cell . .
Header Cell Information Field
T1302310-93/d64

<4——ATM-PDU = Cel—p

FIGURE F.2/1.363
PDU Headers, trailers and terminology
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FIGURE F.3/1.363
Successful segmentation and reassembly of a CPCS user PDU
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Appendix |

SDL diagrams for the SAR and the CPCS of the AAL type 3/4

(This appendix does not form an integral part of this Recommendation)

1.1 SDL for the SAR sublayer

The purpose of this appendix ispgmovide one example of an SDL representatiothef SAR procedures and with it to
assist in the understanding of tite@commendation. This representation does not describe all of the possible actions of
the SARsublayer entity as a non-partitioned representatiorntifeestate machine is shover oneMID field value) was
chosen in order to minimize itomplexity. Thereforethe SDL representation does not constrain implementatioms
exploiting the full potential inherent in this highly parallel dast environment. The text descriptiontieé procedures in

the main part of this Recommendation is definitive.

NOTE — The SDL diagrams in Figures |.1 and |.2 represent the SAR for one MID field value.

Initialize To any value

snd_SN from 0 to 15

AWAIT MGMT

DATA

MAAL_ID
(MID)

snd_MID = MID

IDLE

T1817870-92/d33

FIGURE 1.1/1.363 (sheet 1 of 5)
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IDLE

U_ABORT SAR-UNITDATA
invoke invoke
(ID, M)
snd_ST = BOM
ptrPDU =0
If the parameter M is set to “1”
the length of the ID must be an _ len =
integral multiple of 44 octets (see length (ID)
4.1.2.3.1).
count =len
Yes count
<=44
No
Send segment
(snd_ST,
ptrPDU, 44)
snd_ST =COM
snd_ST = SSM snd_ST = EOM
ptrPDU =
ptrPDU + 44
Send segment
(snd_ST, count =
ptrPDU, count — 44
count)

T1817880-92/d34

FIGURE 1.1/1.363 (sheet 2 of 5)

Recommendation 1.363  (03/93)



Send segment
(snd_ST,
ptrPDU 44)

STREAM

The SAR sender may
change its snd_SN

to any value from
Oto 15

()

- set snd_SN

IDLE

STREAM

O,

SAR-UNITDATA SAR_U_Abort
invoke (ID, M) invoke
Send
snd_ST = COM Abort PDU

T1817890-92/d35

FIGURE 1.1/1.363 (sheet 3 of 5)

Recommendation 1.363

(03/93)

75



ST =st The structure and coding
SN =snd_SN -—- of the SAR-PDU is defined
MID =snd_MID in4.3.1.2

Copy length
octets from
buffer to SAR
payload

LI = length

Compute CRC

ATM_DATA
Request

snd_SN =
snd_SN +1

T1817900-92/d36

FIGURE 1.1/1.363 (sheet 4 of 5)
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ST=EOM The structure and coding
SN =snd_SN -+ of the SAR-PDU is defined
MID = snd_MID in4.3.1.2
LI =63
Compute CRC

ATM_DATA
request

snd_SN =
snd_ SN +1

T1817910-92/d37

FIGURE 1.1/1.363 (sheet 5 of 5)
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IDLE

IDLE

ATM_DATA_

indication

Check LI

‘

The structure and
coding of the
SAR PDU is
defined in 4.3.1.2

SSM

rcv_SN =
SN+1

BOM

EOM

COoM

Abort

1

Copy LI octets
toID

rcv_SN=SN+1

SAR-UNITDATA
signal
(ID, M =0)

Recommendation 1.363

FIGURE 1.2/1.363 (sheet 1 of 4)
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REASS

The structure and

RAS timer ATM_DATA | _ coding of the
expired indication SAR PDU is
definedin 4.3.1.2
SAR-P-ABORT See4.4.14 |- RAS timer
signal supported
E e
timer
Check LI
var
llegal COM EOM BOM SSM Abort
No SN = SAR-P-ABORT SAR-P-ABORT SAR-U-ABORT
rcv_S signal signal signal
Yes
SAR-P-ABORT rcv_SN = rcv_SN = IDLE
signal rcv_SN+1 SN+1
T1301660-93/d39
IDLE More
8 EOM
ST P
COM
No

more

FIGURE 1.2/1.363 (sheet 2 of 4)
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BOM COM SSM

Else

Yes Yes 8:44

var=BOM var=COM var = SSM

@ var =EOM

@

T1817940-92/d40

var = lllegal

FIGURE 1.2/1.363 (sheet 3 of 4)
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Copy LI octets
toID

SAR-UNITDATA
signal
(ID,M=1)

RAS Timer
supported

see4.42.46) f==

Start RAS
timer

REASS

T1301670-93/d41

FIGURE 1.2/1.363 (sheet 4 of 4)

.1.1 The SAR sender

The SAR sendemakesuse of the statariablesnd_SN (as defined i4.4.1.1). In addition, it utilize$our further
variables:

a) ptrPDU

This is atemporary variablehat points into the (partial) CPCS-PDEceived visthe SAR-UNITDATA-
invoke primitive. As successive partstbe CPCS-PDU are filled into SAR-PDhhyloads this pointer
keeps pointing at the first octet within the CPCS-PDU that has not yet been sent within a SAR-PDU.

b) len

Thistemporary variable iset to the length of the (partial) CPCS-PBddeived vidhe SARUNITDATA-
invoke primitive.

c) count

This temporary variable keeps track thle number of octets still awaiting segmentatonl transmission
within a SAR-PDU.

d) snd_ST

This temporary variable is used to set the ST field of the SAR-PDU header. It can take the values: “BOM”,
“COM", “EOM” or “SSM".

e) snd_MID

This variable contains the value of the MID field that is put into every SAR-PDU.
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The primitive MAAL-ID is used in the SAR sendéelts only parameter communicates a Mfigld value from layer
management tthe SAR sender. The details of tigigmitive and all other interactions witlayer management are for
further study.

1.1.2 The SAR receiver
The SAR receiver makes use of the state variable rcv_SN (as defined in 4.4.1.3). It utilizes no further variables.

All illegal SAR-PDUs are ignored. An illegal SAR-PDU is a SAR-PDU with either:
— aCRC verification error, or
— an unexpected MID field value.

NOTES

1 The discarding ofllegal SAR-PDUsactually takesplace prior to assigning thBAR-PDU to areassembly process
governed by a particular MID field value, hence, this is not shown in the SDL diagrams.

2 Nointeractions with layer management are shown; these interactions require further study.

1.2 SDL for the common part CS (CPCS) procedures

The purpose of this appendix ispgoovide one example of an SDL representatiothefCPCS procedures and with it to
assist in the understanding of tiRecommendation. This representation does not describe all of the possible actions of
the CPCS entity as a non-partitioned representation (i.e. the state machine isoshmveMID field value) was chosen

in order to minimize itcomplexity. In particularneitherdelivery of errored data nor streamingpde procedures are
included. Therefore, the SDL representation does not constrain implementations from exploiting the full potential inherent
in this highly parallel andfast environment. The text description tife procedures in the main part tfis
Recommendation is definitive.

NOTE — The SDL diagrams of Figures 1.4 and 1.5 represent the CPCS for one MID field value.

.2.1 The CPCS sender

The CPCS sendenakesuse of the statgariablesnd_BEtag (as defined #4.2.1). In addition, it utilizes one further
variable:

— len

This temporary variable isset to the length of the interface dapmrameter received via the
CPCSUNITDATA-invoke primitive. It isused to set the BAsize field, the Length field, and to calculate
the length of the PAD field.

NOTE — No interactions with layer management are shown; these interactions require further study.

1.2.2 The CPCS receiver

The CPCSreceiver makesise of the stateariable rcv_BEtagand rcv_BAsize (as defined id.4.2.3). In addition, it
utilizes three further variables:

a) len

This temporary variable iset to the length of the CPCS-PDU informatieceived fromthe SARsublayer
for reassembly.

b) reassembly buffer

The reassembly buffer is allocatedhile processing the CPCS-PDU headedfreed once theeassembly
of a CPCS-PDU is complete (or abandoned due to errors).

c) ptrRAB

This variable pointsnto thereassembly buffer tthe octet where the next informatioeceived from the
SAR sublayer is to be stored.

NOTE — No interactions with layer management are shown; these interactions require further study.

Figure 1.3 illustrates the use of the reassembly bu ffer during the reassembly of a CPCS-SDU.
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E len ; E len ;

len
<4

D, D, Dk FILL
M=1 M=1 M=0
Y Y
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ptrRAB,
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=]
A
D
Length
rcv_BAsize derived minimum buffer area
T1817960-92/d42
FIGURE 1.3/1.363
The mechanism of the reassembly buffer
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FIGURE 1.4/1.363 (sheet 1 of 2)
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A suitable method
is to increment
snd_BEtag by
one modulo 256



CPI=0
Btag =
snd_BEtag
BAsize = len

The structure and coding
-—- of the CPCS-PDU are defined
in 4.3.2.1.2

Copy len
octets
from ID to
CPCS PDU

Length of PAD =

setPAD ] 3-(@en + 3) mod 4)

AL=0
Etag =
snd_BEtag
Length = len

T1817980-92/d44

FIGURE 1.4/1.363 (sheet 2 of 2)

IDLE

T1817990-92/d45

FIGURE 1.5/1.363 (sheet 1 of 5)
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(ID, M) defined in 4.3.2.1.2

rcv_BEtag = Btag
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T1818000-92/d46
No I
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FIGURE 1.5/1.363 (sheet 2 of 5)
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REASS
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SARUNITDATA| | coding of the SAR-U-ABORT SAR-P-ABORT
v CPCS-PDU are signal signal
(D, M) defined in 4.3.2.1.2

Free
ptrSAR =0 reassembly
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IDLE
ABORT
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T1818020-92/d48

FIGURE 1.5/1.363 (sheet 4 of 5)
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FIGURE 1.5/1.363 (sheet 5 of 5)
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Appendix I

SDL diagram for the SAR and the CPCS of the AAL type 5

(This appendix does not form an integral part of this Recommendation)

1.1 SDL for the SAR sublayer

The purpose of this subclause iptovide one example of an SDL representatiothefSAR procedures, to assist in the
understanding of thiRecommendation. The SDL representation does not constrain implemenfi@iorexploiting the
full potential inherent in this highly parallel and fast environment. The text description of the procedures in treynain
of this Recommendation is definitive.

.L1.1  The SAR sender

The SAR sender makes use of two variables:
a) ptrPDU
This is atemporary variableéhat points into the (partial) CPCS-PDeceived viathe SAR-UNITDATA
invoke primitive. As successive partstbe CPCS-PDU are filled into SAR-PDphyloads this pointer
keeps pointing at the first octet within the CPCS-PDU that has not yet been sent within an SAR-PDU.

b) count

This temporary variable keeps track thle number of octets still awaiting segmentatonl transmission
within an SAR-PDU.

NOTE — No interactions with layer management are shown; these interactions require further study.

1.1.2 The SAR receiver

The SAR receiver maintains no variables.

NOTE — No interactions with layer management are shown; these interactions require further study.

1.2 SDL for the Common Part CS (CPCS) procedures

The purpose of this subclause is to provide one example of an SDL representation of the CPCS procedures, to assist in the
understanding of thiRecommendation. Neither delivery of errored data nor Streaming Mode proced uiresualed.

The SDL representation does not constrain implementations exploiting the full potential inherent in this highly

parallel andfast environment. The text description thie procedures in the malody of this Recommendation is

definitive.

1.L2.1  The CPCS sender

The CPCS sender maintains no variables.

NOTE — No interactions with layer management are shown; these interactions require further study.

[.2.2  The CPCS receiver

The CPCSeceiver makesise of the stateariable rcv_LP (as defined t14.2.3). In addition the CPQ@ceiver utilizes
one variable:

— reassembly buffer

The reassembly buffer is allocatedile processing the CPCS-PDahd freed once theeassembly of a
CPCS-PDU is complete (or abandoned due to errors).

NOTE — No interactions with layer management are shown; these interactions require further study.
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IDLE
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invoke
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FIGURE 11.1/1.363

starting at ptrPDU, starting at ptrPDU,
AUU :=0, SLP := SAR-LP, AUU =1, SLP := SAR-LP,
Cl:= SAR-CI) Cl := SAR-CI)
Y
IDLE

T1300180-93/d66
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Process SAR Receiver

IDLE

ATM-DATA
indication
(ATM-ID, AUU,
RLP, CI)

Yes
AUU =0

No

ATM-DATA signal
(SAR-ID := ATM-ID,
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IDLE

T1300190-93/d67

FIGURE 11.2/1.363
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Process CPCS Sender

IDLE

CPCS-UNITDATA
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FIGURE
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Process CPCS Receiver
//—>

rcv_LP :=0

IDLE

SAR-UNITDATA
signal (SAR-ID, RAS timer
M, SAR-LP, expired
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Append SAR-ID to
reassembly buffer
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FIGURE 11.4/1.363
SDL diagrams for the CPCS receiver
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Procedure validate CPCS-PDU

Validate
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CPCS-UU =

CPCS-UU field)
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-
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parameter is taken from the
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FIGURE 11.5/1.363
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The values in the examples are in hexadecimal notation.

a)

b)

c)

Appendix llI

Example CPCS-PDUs for the AAL type 5
(This appendix does not forms an integral part of this Recommendation)

Example 1

40 octets filled with “0”
CPCS-UU field-0

CPI Field=0

Length=40 octets
CRC-32-864d7f99

00 00O 00 00 OO0 00 00 o0
00 00O 00 00 00 00 00 OO0
00 00O 00 00 00 00 00 OO0

Example 2

40 octets filled with “1”
CPCS-UU field-0

CPI Field=0

Length=40 octets
CRC-32c55e457a

Example 3

40 octets counting: 1 to 40
CPCS-UU field0

CPI Field=0

Length=40 octets
CRC-32zbf671ed0

01 02 03 04 05 06 07 08
11 12 13 14 15 16 17 18
21 22 23 24 25 26 27 28
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00 00 00 00 00
00 00 00 00 o0
00 00 00 28 86

ffoof ff ff ff ff
ffoof ff ff ff A
00 00 00 28 c5 b5e

09 0Oa Ob Oc Od
19 la 1b 1c ud
00 00 00 28 bf

0@O0 00
0@O0 00
4df 99

ffff
ffff
45 Ta

0®f 10
laf 20
67le doO



